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H I. 
General Proportions fon Building. 


AVAL Architecture may be divided into three principal parts. 
N I. To give the ſhip ſuch a figure or exterior form, as may 
ſuit the ſervice ſhe is deſigned for. 
II. To find the true form of all the pieces of timber that 
ſhall be neceſſary to compoſe ſuch a ſolid. 8 

HI. To make proper accommodations for guns, ammunition, provi- 

ſions, and apartments for all the officers, and likewiſe for the cargo. 

We ſhall at preſent only treat of the firſt of theſe, namely the exte- 
rior figure, and conſider it firſt, as it regards the bottom, that is, the part 
which lies under water, and may be called the quick-work ; or ſecondly, 
the part which is above water, and may be called the dead-work. 

In order to give a proper figure to the bottom, all the qualities which 
are neceſſary to make a ſhip anſwer the ſervice for which the is deſign'd, 
ſhould be conſidered. A ſhip of war ſhould carry her lower tier of guns 
four or five feet out of the water. A ſhip for the merchants ſervice 
ſhould ſtow the cargo well, and both of them ſhould be made to go 
well, carry a good fail, ſteer well, and lie too eaſily in the ſea. 


Some 
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Some eminent geometricians have endeavoured to find the form of a 
ſolid which may beſt anſwer all theſe qualities, and meet with the leaſt 
reſiſtance in dividing the fluid through which it is to paſs; but have 
not been able to reduce their theory to practice by reaſon of the different 
poſitions a ſhip is obliged to be in when under fail. The ſhip-builders 
deſpairing to eſtabliſh this point by mathematical rules, have applied 
themſelves wholly to their own obſervations and experience, which may 
indeed ſupply the deficiencies of art, but though they may thereby diſ- 


cover that a ſhip has ſeveral bad qualities, it will not be eaſy to determine 


where the fault lies ; for it may be owing to the rigging ; and though 
the fault be not there, yet they cannot be certain in what particular part 
of the body it is. If their obſervations be aſſiſted by principles drawn 
from theory, it will conduce very much to attain their end. 

As there have been ſeveral ſhips built which have ſeemed to anſwer all 
the ſervices for which they have been deſigned, ſome builders have made 
it their principal ſtudy to copy ſhips which have gained the applauſe of 
the ſeamen. This method they very improperly call the principal rule 
which ſhould be obſerved in building. Now, as the bodies of ſhips are 
very different from one another, ſo there are, by this means, as many dif- 
ferent methods uſed ; ſome chuſing one, and ſome another for a ſtandard, 
But it muſt be obſerved, that even though it were poſſible to find ſuch a 
body as ſhould give intire ſatisfaction, and have all the good qualities that 
ſhould be neceſſary to anſwer the ſervices propoſed, yet this could by no 
means be eſtabliſhed as a ſtandard by which other ſhips of different di- 
menſions may be built. For admitting we have a firſt rate of 100 guns, 
which by experience has been found to be a very good ſhip in all reſpects, 
yet we ſhould find ourſelves very much deceived, if we ſhould build a 
ſhip of 20 guns by making all the parts have the ſame proportion to one 
another that they have in that of 100 guns. 

The firſt thing to be done in order to lay down the draught of a ſhip 
is to determine the length, which ſhould be either on the lower gun deck, 
or at the load- water line; for there muſt be great care taken that there 
is a ſufficient ſpace betwixt the ports. This will oblige us firſt to fix 
the number and dimenſions of the ports, the diſtance of the aftermoſt 
port from the tranſom, and of the foremoſt from the ſtem, and the diſ- 
tance betwixt the ports. This article may be determined by the fol- 
lowing tables : 


A Table 


r CR ON CF OO 
* N * t 3 * £ ! * 
=. : ; 


FF 
- "i L 8 4 1 * 


1 


r Rt WO, On EE 
tte T8 a 3 re LY Ao 3 GE ef i mie Vf : . . : # 
4 „ # 


(3) 


A Table of the Number of Ports on each Side of a Ship, 


according to the Number of Guns, and the Weight of 


4 Guns. 
Ports | Shot 


the Shot; 


A Ship of 112 Guns. {|| A Ship of 102 Guns. ip o 
Decks | Ports | Shot || Decks | Ports | Shot\| Decks 

I 15 | 480r36| I 14 | 36 : I3 
2 16 | 24 : 15 18 14 
3 18 133 14 12 14 

Quarter 5 8 Charter . 

Forecaſtle +. Forecaſtle 13 6 Quarter 

Poop 2 4 Poop Forecaſtle 


7 


A Ship of 64 Guns. A Ship of 58 Guns. The Tiger 
| Decks | A | Shot || Decks | Ports | Shot] Decks | Ports | Shot 
I 12 18 1 EX 3-38 
| 2 24 13 12 | 2 12 
8 7 Quarter 3 
: | 4 7:3 2 F orecaſtle 0 4 + Forecaſtle 2 4 
(Quarter 7 G | 
F Forecaſtle 5 | 
I 1 Ship of 50 Guns. A Frigate of 46 Guns. || A Frigate of 32 Guns 
| Decks T Ports | Shot || Decks | Ports | Shot Dat — . Sho 
I 7} 18 111 12 6 
2 12 12 2 12 8 Qu 8 6 
Quarter 2 4 FE i 4 
A Frigate of 32 Guns. || A Frigate of 32 Guns. || A Frigate of 28 Guns. 
Decks | Ports | Shot || Decks | Ports | Shot] Decks | Forts | Shot; 
I 4 8 I IO I 3 8 
2 10 6 2 6 6 2 10 4 
Quarter Quarter I 4 
Forecaſtle 8 4 | 


A Frigate of 24 Guns. 


Decks 


| Ports | Shot 


"A Frigate of 22 Guus. 
Decks | Ports | Shot 


Frigates of 20 Guns hav 
10 Ports on each ſid 


I 10 6 I 9 6 on one Deck. Shot 6 lb. 
Quarter 2 4 uarter 2 4 | 


Veſſels of 16 guns have 8 ports on one deck, the guns to carry 4 lb. ſhot. 
Veſſels of 12 guns have 6 ports on one deck, the guns to carry 4 lb. ſhot. 


(4) 


A Table of the Dimenſions of the Ports and Height of their Sells, ac- 
cording to the Weight of the Shot. 


Shot Hei. and brea. of Ports. Height of the ports] Sells EE = 
Ib. f. in. f. in. f. in. [1ſt Deckj2d Deck]3d Deck| Quarter- 
48 2 9 (3 o or 3 2 f. in [f. in | eck an 
$0 3-H OM T2 2 | Forecaſtle 
neee e | 
19-4. 8 7 G3 C11-87Þ 8:9 
126 22A7T 4V4$ 012-10 }4-:8 oY 
CY 0-1 11 R-8$ 21:34 Þ:43 8:06 5 
6.810. 4t- 3 0 1 vil 1:9 Ek 84:4 1 
41-4 WW W390 14-3 F4.4 


A Table of the Number, Dimenſions and Diſtances betwixt the Ports on the 
lower Deck ; alſo the Diſtance betwixt the foremoſt Port and the Stem, 
betwixt the Aftmoſt and the Sternpoſt. 


Ships Names, ;N*offBreadth]Diſt. betw.| Foremoſt Aftmoſt [Length on 
Portsſof Port Ports from Stemſfrom Poſt | L. Deck 

Amiable 19-412 84:70:39 4 9g o [147 | 
[nvincible T 9 © [144 
Achilles 1331-3 84-73 18 2 10 6 [145 
Toulouſe TTC 9 2 41 
Ardent, 64 guns ta r 8 5 2 80. 8 
Fleuron, 64 guns 12 12 8 1 18-20 +210 e 
[Dauphin Royal 74 guns] 13 | 2 10] 7 7 | 18 2 | 10 © 1156 


Note, An inch French meaſure is equal to 14 inch Engliſh, and is divided into 
twelve parts called lines, which are divided into twelve parts, called points. 


The next thing to be done is to eſtabliſh the breadth by the midſhip 
beam ; the builders are pretty much divided in proportioning this to the 
length. Moſt of them conform to dimenfions taken from ſhips of the 
ſame burthen, and deſigned for the ſame ſervice. 

After theſe two dimenſions are determined, the depth of the hold muſt 
be fixed, which in moſt ſhips is half the breadth ; but the form of the 
body ſhould be conſidered ; for a flat floor will require leſs hold than a 
ſharp one. The diſtances likewiſe between the decks muſt be deter- 
mined. The following table may be very uſeful towards aſcertaining 
the three aforeſaid dimenſions, 


A Table 
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(5) 
A Table of the Length, Breadth, and Depth in Hold of the follnwing Ships, 


| Length at | | es 
Ships Names | Guns | load-water | Breadth 48 a 
f line e Hold 
: TY path | LS 1-7: MM. 
J Monarque 74 | 165 4.3 | 20 6 
3 Intrepide 74 163 43 20 6 
3 Alcide 64 149 40 6] 19 4 
2 Renommee 30 120 . 
J Palme t2 'f $4 22-61-20" 7 
J Soleil Royal 80 182 48 23 
4 Formidable 80 178 44 10 21 10e 
4 Tonnant 80 168 46 23 
3 Sceptre 74 165 43 20 6 
J Superbe 74 183 6 42 8 21 
a Eſperance 74 I 54 42 21 
5 Magnifique 74 165 43 20 6 
1 Northumberland 68 149 40 20 
3 64 149 40 19 
Hercule 64 149 40 619 4 
Protee 64 150 40 6 19 4 | 
Illuftre 64 I 50 40 8] 20 | 
Opinatre 64 | 150 40 4 19 5 | 
OM Dragon 64 149 40 19 
4 Leopard 64 146 18 6 
1 St Laurent 60 145 418 8 
I Amphion 50 „ 18 
b Amazon 44 118 | 
f Brillant 30 135 35 Y 
4 Arc-en-Cicl 30 133 37 17 9 
a Tigre | "52 | 231 37 17 
f Alcion 30 132 38-41-38 
5 Aquilon 46 | 127 34 17 | 
5 Junon 46 136 1 5 
1 Favorite 36 | 127 | 33 14 
i Angleſea 32 121 8 | 23; 616 | 
b Serenne 30 | 118 3x: 84] Is | 
5 Emeraude =! 118 31 816 | 
Galat&e 24 110 29 14 6 | 
Mutine 24 110 29 14 6 | 
Cumberland 24 102 1 26 13 | 
Marſhal Saxe 22 100 14 | 
Anemone "13-434 22. -; 9 
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Ships Names | Guns | Length | Breadth | Depth 
mY oy RR HEE Ru, 
Amarante 12 84 22 9 
Elizabeth 64 143 38 41 18 
Brave . 80 172 44 21 
Floriſſant 74 165 45 22 6 
Couronne 74 167 44 22 7 
Hardi 149 40 6] 20 9 
Aigle 50 144 n 
Hermione 26 | 126 233 $81-1g 8 
Juſte 70 151 42 21 
Triponne 26 114 31 8| 
Panthere 20 | 108 28 6 
Badine „ 18 4 
We may then proceed to fix the length of the keel, which will oblige 
us to determine the rake of the ſtem and „ for which the builders 
have given us no invariable rule, they. very much divided in their 


opinions; for where ſome have gives wake of 18 or 20 feet, others 
have given none at all. The height of the ſtem and wing-tranſom muſt 
alſo be determined, which may be regulated by the decks. 

The difference betwixt the draught of water abaft and that afore, ſhould 
likewiſe be conſidered ; for though ſome imagine that when a ſhip is 
loaded her keel ſhould be parallel to the ſurface of the water, yet in many 
caſes it will be found neceſſary that the keel abaft ſhould be deeper in the 
water than it is afore. This will give the rudder more power, and 
thereby contribute to make a ſhip ſteer well; but this difference of the 
draught of water is intirely arbitrary ; for in large ſhips ſome have given 
five, whereas others have given but three, or even two feet of difference. 
Though I could not procure the true difference of the draught of water 
of many ſhipsof war, yet I am aſſured that the following are pretty exact. 


The Difference of the Draught of N. ater in the following Ships. 


feet in. feet in. 
Northumberland 1 2 Panthere 3 
Auguſte 1 Couronne 3 
Aloze 1 8 Triponne 2 
Hermione 1 0 Renommee $4 
Amazone 1 6 Tigre | 
Badine 0:10 Intrepide 3 
Palme 126 Alcide 29 0 
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Cray, I. General Proportious for Building, - 


The length of the wing tranſom muſt alſo be determined; ſome make 
it + of the main breadth ; but this is likewiſe arbitrary, the broader a 
ſhip is abaft, the more room there will be for accommodations for the 
officers; but this will be diſadvantageous to her failing upon a wind. 


The following Examples will be ſufficient to fix the Length of the Wing 
tranſom for any Ship, 


For a ſhip of 110 guns, + of the main breadth, and 3 lines more to every foot. 
102 guns, 3 of the main breadth, and 8 inches more. 
82 guns, + of ditto. 
74 guns, 7 inches, 9 lines for every foot in breadth. 
62 guns, 7 inches, 8 lines for ditto. 
56 guns, 7 inches, 7 lines, 3 points for ditto. 
50 guns, 7 inches, 6 lines, 6 points for ditto. 
46 guns, 7 inches, 6 lines for ditto. 
32 guns, 7 inches, 5 lines for ditto. 
For a frigate of 22 guns, 7 inches 4 lines. 
12 guns, 7 inches. | 

Some, without regarding theſe, ;- portions, make the wing tranſoms 
of the firſt and ſecond rates two thirds of the breadth, and for all the reſt 
one foot leſs. | 

After theſe dimenſions are determined, the timbers may be conſidered 
which form the fides of the ſhip. A frame of timbers is compoſed of 
one floor timber, two or three futtocks and a top timber on each fide : 
All theſe being united together, and ſecured by croſs-bars, form a circular 
incloſure, that which incloſes the greateſt ſpace is called the midſhip 
frame: The curve of this frame is inverted at the lower part, ſo that 
the floor timber will be ſomewhat hollow in the middle, whereby the 
ends will form a very obtuſe angle; but this angle decreaſes the farther 
the frames are removed from the midſhips, in ſuch a manner, that the 
foremoſt and aftermoſt will become very ſharp, and form a very acute 
angle. Theſe floor timbers are called crutches. 

The builders ſeem to agree nearly as to the length of the midſhip floor 
timber, making it generally half the length of the main beam ; but they 
differ very much about the riſing of it, ſome chuſing a flat and others a 
ſharp floor. And if we conſider the advantages and diſadvantages that 


attend the one and the other, we ſhall not be much ſurprized to find 


them ſo much divided upon this article ; for it is certain, the more ri- 
ſing a ſhip has, ſhe will hold the better wind, but then this will occaſion 
her to draw more water, which will be ſometimes attended with very 
great inconveniencies. 

A Table 


' 


(3) 
Table of the riſing of the Midſbip Floor Timbers, 


Guns | f. in. lines | Guns] f. in. lines 

110 O:;. 9 | 56 ww © 

102 o Oo 10% Ito every foot [ 32 o x 4 to every foot 
CESS in length. I 28 83 in length. 
74 81 22 1 
62 8 0s „„ 


Note, What we have here rendered the riſing of the floor timbers, the 
author calls the Aculement, and makes a diſtinction betwixt it and the 
riſing, which we ſhall ſee when we come to form the frames, 

They differ as much in determining the ſtation of the midſhip frame, 
ſome placing it before, others at the middle of the ſhip ; others again 
have two floor timbers of equal length, and rifing, one of which is placed 
exactly in the middle, or the breadth of the timber before the middle, 
and the other at a proper diſtance before it. "Thoſe who place it before 
alledge that if a ſhip is full forward, after ſhe has once opened a column 
of water, ſhe will afterwards meet with no reſiſtance, and the water will 
eaſily unite abaft, and by that means force the ſhip a-head, and have 
more power on the rudder the farther it is from the centre of gravity ; 
and beſides this comes neareſt the form of fiſhes, which ſhould ſeem to 
be the moſt advantageous for dividing fluids, 

Thoſe who would have it placed in midſhips ſay, that by that means 
the water-lines forward will be eaſier, and of conſequence properer for 
dividing fluids; and that there will be ſpace enough betwixt it and the 
rudder for forming very fair water-lines, fo that the water will eaſily 


unite at the rudder ; and beſides it will be eaſier by this means to ba- | 


lance the fore body and after body; and in general the building will by 
this means be very much facilitated : ſo that, in my opinion, it will be 


propereſt to place it very near the middle, though it is the general 


practice to place it before it. 

After the riſing of the midſhip floor timber is determined, we may 
then proceed to fix the height of the riſing line of the floor abaft on 
the poſt, and afore upon the ſtem. 

Now, as all ſhips are narrower abaft and afore, than in midſhips, the 
other floor timbers will of conſequence be ſhorter and have a greater ri- 
ling, which will be ſtill increafing till it ends on the poſt and ſtem, 
There are ſeveral different methods uſed by the builders to ſettle the 
height of this line. Some imagine, that by narrowing the floor abaft, 
which will occaſion the riſing line to be high upon the poſt, the ip 
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will thereby ſteer better, and beſides, the water which js opened by the 
midſhip frame will then have a greater preſſure upon the after part of 
the ſhip, and thereby contribute to her failing : Yet theſe arguments are 
of very little weight; for if we only conſider the ſteerage, it is certain, 
that the higher the riüng line is carried abaft, and the narrower a ſhip is, 
the water will have the caſier paſſage, and more power upon the rudder. 
But then we ſhall thereby run the riſſe of talling into two great inconve- 
niencies ; for by this means we take away the buttock, which is the 
only thing we have to ſupport all the weight of the after part of 
the ſhip; neither ſhall we be able to give a proper balance betwixt 
the fore and after part, and when the fore and after parts are not 
duly balanced, it wall occaſion a ſhip to pitch very hard, and be in dan- 
ger of being frequently pooped by the ſea when it runs high. To prevent 
theſe inconveniencies it will be proper to give all ſhips, eſpecially the 
large ſort, a full buttock. As to the height of the riſing line afore, it 
ſhould be determined by the form of the water lines; but before this can 
be done, the timbers muſt be formed. | 

Note, What we have rendered the rifeng line of the floor, our author call; 
les fagons, which, he ſays, is the increaſe of the acculement, the extreme 
hoints of which upon the perpendicular of the flem and poſt, are niw to 
be determined. | 

The height of the lower deck is the next thing to be conſidered : It js 
determined in midfhips by the depth of the hold, and ſome builders make 
it no higher at the ſtem ; but they raiſe it abaft more than it is in mid- 
ſhips, as much as the load-water mark abaft exceeds that afore. As to 
the height betwixt decks, it is altogether arbitrary, and muſt be deter- 
mined by the rate of the ſhip, and the ſervice that the is deſigned for. 

We come now to eonſider the upper works, or all that is above water, 


called the dead-work : And here the ſhip muſt be narrower, ſo that all 


the weight that lies above the load-water line will thereby be brought 
nearer the middle of the ſhip ; by which means ſhe will ſtrain leſs by 
working the guns, and the main fail will be eaſier trimmed when the 
ſhrouds do not ſpread ſo much. But though theſe advantages are gained 


by narrowing a ſhip above water, great care muſt be taken not to narrow 


her too much, for there muſt be ſufficient room upon the upper deck for 
the guns to recoil. The ſecurity of the maſts ſhould likewiſe be conſi- 
dered, which requires ſufficient breadth to ſpread the ſhrouds, though this 
may be aſſiſted by enlarging the breadth of the channels. 


"0 CHAP. 
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GC „ 


Of the Scantlings and Dimenſions of the principal Pieces of 
Timber in a Ship. 


LTHOUGH it is not my intention, as I obſerved in the begin- 

ning of the laſt chapter, to treat of all the pieces that compoſe the 

ſhip, yet I think it neceflary to ſay ſomething of the principal pieces. 
I ſhall therefore in the following plate lay down each piece by itſelf, by 


which means we ſhall ſee the length of the ſcarphs, and in what manner 
they are to be joined together, 


Explanation of Plate I. 
J. 
A. The keel in four pieces, to be well bolted together, and clinched. 


II. 


I. The fore foot, one end of which is ſcarphed to the fore end of the 


keel, of which it is a part, and the other end makes a part of the ſtem, 
to which it is ſcarphed. 


III. 


1 . Two pieces of dead wood, one afore and the other abaft, fayed 
upon the keel. 


3 
C C. The ſtem in two pieces, to be ſcarphed together. 


V. 


E E. The apron in two pieces, to be ſcarphed together, and fayed on 
the inſide of the ſtem, to ſupport the ſcarph of the ſtem ; for which pur- 
poſe the ſcarph of the apron muſt be clear from that of the ſtem, 


VI. 


0. The ſtemſon in two pieces, to ſupport the ſcarph of the apron, 
0. The falſe poſt, which is fayed to the fore part of the poſt. 


VII. 


B. The ſtern poſt: It is tenanted into the keel, to which it is faſtened 
with a knee. D. The 


—ͤ—ũN—̊—ᷓ—ͥ— — — — — — 
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CuAr. II. Scantlings and Dimenſions, 


VIII. 


D. The back of the poſt, which is likewiſe tenanted into the keel and 
well bolted to the poſt; the deſign of it is to give ſufficient breadth to 
the poſt, which ſeldom can be got broad enough in one piece. 


11 


IX. 
F. The knee which faſteneth the poſt to the keel. 


X 


N. The wing tranſom. It is fayed acroſs the ſtern poſt, and bolted 
to the head of it : The faſhion pieces are faſtened to the ends of it ; un- 
derneath this and parallel to it is the deck tranſom, 


XI. 


OO. Two tranſoms faſtened to the ſtern poſt and faſhion pieces, in 
the ſame manner as the wing tranſom. 


XII. 
P. The tranſom knee, which faſteneth it to the ſhip's ſide. 


XIII. 


Q. The faſhion piece, of which there is one on each ſide: Their heels 


are faſtened to the ſtern poſt at the height of the floor ribbands, and their 
heads are faſtened to the wing tranſom. 


XIV. 


T. A floor timber. It is laid acroſs the keel, to which it it faſtened 
by a bolt through the middle. 


XV. 
K. The lower futtock. 


XVI. 


TTTTr. ad, 3d, 4th futtocks and top timbers. Theſe ſhew 
the proper length and ſcarph of the timbers in midſhips frame. 


XVII. 


U U. Riders, Theſe are fayed in the inſide of the ſhip, and conſiſt 
of floor and futtock riders, 


C 2 | Z, The 
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XVIII. 


Z. The keelſon. This is made of two or three large pieces of timber 
ſcarphed together in the ſame manner as the keel. It is placed over the 
middle of the floor timbers, and ſcored about an inch and a half down 
upon each of them. 


XIX, 

R, S. Breaſt-hooks. Theſe are fayed in the inſide to the ſtem, and to 

the bow on each fide of it, to which they are faſtened with proper bolts. 

There are generally four or five in the form of R in the hold,. one in 

the form of S into which the lower deck planks are rabbited ; there is 
one right under the hawſe holes, and another under the ſecond deck. 


XX. 
X,Y, Z. are thick planks which are fayed in the infide, and ſtretch 
fore and aft to ſtrengthen the ſcarphings of the timbers, 


| XI. 
Z. are thick planks in the inſide, called clamps, which ſupport the 
ends of the beams. . 


XXII. 

15, 15, 15, 15, 15, are the wales. They are planks broader and thicker 
than the reſt, which are faſtened to the outſide of the ſhip in the wake 
of the decks. We ſhall have occaſion in another. place to ſhow how 
they are laid down in a draught. As to the plank below the wale to the 
keel, and above it to the top of the fide, we refer to the ſection of one 
half of the midſhip frame, as laid down in the plate. 


XXIII. 

d, d, d, d, d, d, d, are knees. Theſe are crooked pieces of timber con- 
fiſting of two arms which form an angle, either within or without a 
ſquare, or exactly ſquare; their uſe is to faſten any two pieces together, 
as the beams to the ſhip ſides. 


XXIV. 
19. The rudder. This is joined to the ſtern. poſt by the rudder irons, 
upon which it turns ronnd in the googings which are faſtened upon the 
ſtern poſt for that purpoſe. There is a mortiſe cut out of the head of 


it, 
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it, into which a long bar is fitted, called the tiller, by which the rud- 
der is turned from one ſide to the other. 


XXV. 

23. The cat heads. Theſe are two large pieces of ſquare timber, one 
on each ſide of the bowſprit. They project out before the bow, in order 
to keep the anchor clear of the ſhip, which is hove up by a rope called 
the cat fall, that paſſes through ſhivers in the outer end of the cat- head: 
Their inner ends are faſtened upon the forecaſtle. 


XXVI. 


mn, n, i, i, i, are the ſeveral pieces which compoſe the knee of the head; 
the lower part m is fayed to the ſtem, the heel of it is ſcarphed to the 
head of the forefoot ; it is faſten'd to the bows by two knees called 
cheeks, in the form of %, and to the ſtem by a knee call'd a ſtandard, 
in the form of K. 


XXVII. 


Beams &, a, X Y, are large pieces of timber which ſupport the 
planks of each. deck. 


Having thus explained all the pieces in the plate, we ſhall in the following 
table give their ſcantlings. 


The 


= SCANTLINGS of the principal Pieces of Timber in a S HIP. 


5 7 mit tf mf. nne lf r .. in| £ inf Ine! & in. N 
BATADTRH of the SHIPS 148 of 46 of 44 of 42 % 49 of 38 of 36 of 34 of 32 o©| 30 2 246 ©:- 
# LyxcTxa of the SHIPS 176 0169 111163 91152 61181 90144 71138 131 2124 $5117 6|106 * 95 o 
PIN NAMES of the PIECES, f. in. I. If. in I. It. in. I. IH. in. I. If. in. I. It. in I. If. in. I. f. in J. f. m. I. f. in. I. . in. l. f. in. 1. 
Firſt deck ſquare x 4 ch 3 61 3 oft 2 6j: 2 oft 1 6x 1 q © 4% 11 10% 11 20 17 74% 10 © 
Second deck ſquare 1 1 6jt o 11]: o 5ſo0 + 10[o 2 3Þ 10 90 10 2ſo 2 7,0 9 1% 8 blo o > 0 © 
Moulded 10 o 9 300 9 o 7 90 7 300 0 2 
. Bzams. Quarter deck and forecaſtle | Sided 11 1 1 . o 10 50 10 10 9 ; 9 4P 8 No 8 200 : ; 35 : * 5 2 
poo F — — 7 7 10 6 9 6 8% 6 $ 5 40 5 © | 
l P T Sided — — — 9 39Þ 9 20 8 gjo 8 6jo 8 3 ol} 7 90 7 6 
BzxgzasT Hook fided on the lower deck 1 36] 3 oj: 2 7jt: 2 2j: x 8jt x 3 © gjx © 4 1T 10 Ix $10 10 100 10 6 
CLAMPS, as broad as can be had, and half as thick as the t tim- 
f bers to which they are faſtened 
K Deep — — — — : 7 echt 6 Fir $5 208 $48 4 20ſt 4 318 3 3 23 a[t-2 30 6 2007 2 Gs: 26 | 
ZEL {Broad Wn” 5 * — ge 4 413 een $3 cr a eee 1 1 ojr O 5ſo1r 90 11 20 10 7jÞo 10 © | 
pirſt deck Sided — — — 1 3 1 2 4]: 1 8/1 o 11]; o 3Þ 11 7% 10 11% 10 3/0 9 6% 8 1000 8 2Þ 7 6 | 
i Moulded —_—_ — 8 et 5 3h 4 6% 3 918 3 off 2 31 27 661 0 gjr O oo 11 30 10 6 9 9 
Senses deck f $192 — — — x 1 oft & 3jo 11 6j0 10 9% 10 % 9 3Þ 8 6 7 9ſ% 7 o 6 3 
[ Moulded — — — [1x 3 cf! - 311 - git 1 8ſo 11 9 1 * 4 9 71 8 99 8 4 4 
Sided — — jo 9 3 100 o 7110 7 T1 310 2 0 411 
Kxzrs 4 Quarter deck and forecaſtle 5, 144 3 0 4 : 11 oÞ 10 Io 10 2jo 9 $Þ 9 3Þ 8 oo 8 40 - wb : : 6 1140 8 6 
Sided — — _ 2 5 2 o 5 2jo 4 1000 4 7 3 © 
| Poop | Monlded _ — — o 83 7.520 - lo 7 3 6 110 6 8 8 410 8 0 | 
Sided — — — I off 2 3 c x32 2j1t 0 9gji O 30 11 1000 11 10 1110 10 O 10 0 ' 
( Tranſom I Moulades — — — 4 r win x 0's ot» 6-2 wv Oh 342 
Planchere 52 — — — — > 5 4 9e 4 6ſo 4 4% 4 1% 3 150 3 8Þþ 3 5% 3 2% 2 me 2 9% 2 6 
8 ay, — — — 1 5 cg 4 41: 3 9/1 3 ir 2 Fr 1 xoſt x 2/7 o 6% 11 11 Hs 10 $j0 10 © 
TEM I Fore and aft. — — — 1 9 chi 8 51 7 10/1 7 3/1 6 Sr 6 oft 5 5% 4 10% 4 3] 3 8] 3 111 2 6 
Ditto, falſe or apron thick — — — t 2 ch 1 £51 o into 40 11 ich 1rt 312 10 9% 10 20 9 ; g 10 60 8 © 
Thick — — — 1 5 oft 4 4}! 3 91 3 js 2 $5]: xn neſt 1 2j1 O 6fo 11 11 11 312 72 $j|o 10 © 
Srzax-ros r 4 porte and aft Below — — 1 9 ot 3 5 7 10% 7 31 6 B8jx 6 oft 5 5E 410% 4 3]! 3 4 2 i 
Above — — jt 5 oft 4 61]: 4 of! 3 7˙ 3 % 2 711 2 2 1 $/c x 21 o 8 0 30 11 9 
ſ Broad on the keel — — jr 3oft 2 4 1 8]! O nj o 3% 11 7Þ 11 10% 10 305 9 60 8 10]5 8 2jo 7 6 
Floor | Deep on ihe keel — — 1 11 oft 9 1101 8 111 7 1oft 6 10% 5 10% 4 9/1 3 EW nee 5%. 
Out and in at the had — — jr 3 oft 2 4]! 1 $]!1 O 11j8 O 3j 11 25 10 1% 10 30 610 8 1000 8 2jo 7 6 
Futrocks out and in at the lower deck 1 1 <j1 5ſo 11 10% 11 30 10 $ 10 $10 9 5% 8 10[0 2 3 7 80 7 1ſo 6 6 
a Turns. 4 Broad — — — fir o 6jo 11 Mio 11 Flo 10 1Þþ 10 5% 9 4% 8 10% 8 3Þ 7 9% 7 6% 7 3 
Top timber Out and in at the lower deck port:|r © 11 1110 17 4% 10 Gjo 10 3Þ 9 b 9 2Þ 8 6ſo 7110 7 510 6 1oſo 6 3 | 
(Out ond in at the kead o 10 cdl 9 6% 9 % 8 7 8 1% 7 7% 7 10 6 80 6 2 5 80 5 2[0 4 9 \ | 
Sided — — 1 2 6jt f 100% x 2|t o 6/6 11 10% 1x 2% 10 (% 9 17% 9 3% 5 7,0 7 10 7 | 
Faſhion-piece 3 — 4 — jr: 3 oft 2 311 1 8. 91 o 3 11 7 10 11% 10 3ſo 9 7% 8 10,0 8 20 7 2 
1 vt and in 1 Aloft — t 7 cjt o 5ſo 11 10% 11 4jo 10 9% 10 8] 9 5ſ% 8 10%ů0 8 3 7 80 7 10 6 6 
Wing ſquare — — x 6 oft 5 5J⁰˙1 4 oſt 4 31 3 8]: 3 oft 2 5% 1 101 1 37 o 81 © 1% 17 6 
Deck 5 Moulded = _ — — 1 2 001 1 Ff5¹ 5 10ſt o 30 11 7% 11 oſo 10 5jo 9 10% 9 3 8 80 8 wo 7 5 
TAANS SONS. Side d — — — e e 510 10 80 10 © 
. 188 E — rr an o 32. 0 dee. 446-10 8 10 % 9 440 8 80 8 © | 
Sided — — 1 l 4 e eier e e ee ee ee 111 © 7h © o 
[2 od * — — — jo 9 ob 8 8e : 30 7 o 7 6ſo 7 200 6 1000 6 5J O 6 10 5 90 5 40 5 0 
ö broad — — — nm 3 or $ $13. 2 3 1 11 1 601 x 2 © 101 o „% oO To 1x1 9 0 11 40 11 © 
Wars K 34 and qib f bf _ — - ſj 7d 6 8 6 4% 6 oo 5 $0 5 40 5 9% 4 50 4.4Þ 4.0 | 
| — — — — I - ojr © - 1 0 4: © 0011 8% 11 40 11 A: 10 $;0 10 4% 10 0 
' ick mm oe * oſo 5 o 5 60 anne ee ol 
S e broad — — — f © oſo 11 60 11 cſo — 70.10 1,0 9 7.0 9 Io $ $ 


Arte, The Scantlings of the Knees moulded is 3 from the Throat. 
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A Method to lay down a 70 Gun Ship upon the Plane of 


Elevation. 
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HE Dimenſions we have given of the principal parts of a ſhip 
of each claſs collected from the practice of different builders, 
which many have ſo great a regard to, as not to vary from them in the 
minuteſt article, we think only to be fo far obſerved, as they ſhall produce 
ſuch a form as the ſervice the ſhip is deſigned for, ſhall require, agreeable bl 
to mathematical principles. | 
We ſhall now illuſtrate what has been ſaid on that head by drawing a 
ſhip from theſe dimenſions. But it will be firſt neceſſary to oblerve, that 
the builders make uſe of three different planes for one ſhip ; 1ſt, the plane 118 
of elevation, in which the whole length is laid down accordi g to a fide | 
view; 2d, The plane of the projection, which ſome call a vertical plane 
of the timbers, becauſe it gives us an end view of the form of all the 
timbers, before the plank is put on. zd, The horizontal plane, upon 
which are deſcribed all the curves that are formed by ſections of the bo- | 
dy parallel to the horizon, which muſt be conſidered as well as thoie Ut 
vertical ſections which form the curves of the timbers. We may likewiſe | 
form the curves of the ribbands upon this plane, which will be of great 
uſe in proving whether the form we give the timbers will produce a 1 
fair ſide. 
It is indifferent with which of theſe we begin, though that of the 
elevation ſeems moſt commodious. Bat firſt of all it will be very proper p 
to draw out a liſt of all the dimenſions of the veſſel we are to build, ſo | ; 
that we may have a view of the whole deſign. 
This ſhip then is to have two tier of guns, ſo there muſt be two decks 
quite fore and aft, likewiſe a quarter deck as far as the main matt, a fore- | 
caſtle 33 feet long, and a poop to the mizen matt, 0 
There are to be 13 ports of a ſide on the lower deck, the guns to carry 
224 lb. ſhot; 14 ports on each fide upon the upper deck, the guns to 17 
carry 18 Ib ſhot; on the quarter deck 4 guns, and on the forecaſtle 2 guns _— 
of 8 lb. ſhot on each fide, and 2 of 4 lb. on each fide on the poop. 16 
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feet 
Ports on the lower deck fore and aft 2 
Diſtance betwixt the ports | 7 
Aftermoſt port from the poſt — 88 9 
Foremoſt from the ſtem — — 3 17 


Height of the ſells, including the lower deck planks 

Ports up and down on the lower deck — — 2 
Diſtance from the upper ſide of the lower deck beam to the | 6 
| upper fide of the upper deck beams 


Riſing of the ſecond deck abaft — — 

Second deck ports up and down — — 2 

Second deck ports fore and aft — — 2 

Height of the ſells from the deck line — i 15 

Diſtance betwixt the ſecond deck and quarter deck dünn 6 
plank to plank ; 

Quarter deck ports up and down — 


— 1 
Quarter deck ports fore and aft — —— 2 
Height of the ſells — 1 
Diſtance betwixt the quarter deck and poop — 6 
— 1 

— I 


Ports on the poop fore and aft 
Height of the ſells — — 


Length ſrom rabbit to rabbit on the gun deck — 156 
Extreme breadth — — — — 42 
Depth in the hold below the plank — 21 
Riſing of the lower deck abaft, not e the Ae 

of the draught of water 0 
Height of the ſtem —d . — 31 
Height of the poſt — 31 
Rake of the ſtem —— — — 15 
Rake of the poſt —— — — 3 
Length by the keel — — 139 
Depth of the keel — — 
Length of the wing tranſom — — 27 
Length of the midſhip floor timber — 21 
Riſing of ditto — 1 
Difference of the draught of water abaft more than afore 3 
Height of the riſing line of the floor abaft Map © 
Height of the riſing line of the floor afore 5 


in. I. # 


— 
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I would adviſe young beginners in the art of drawing to conform 
exactly to theſe dimenſions, which we have here given for an example, 


and 
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and obſerye all the particular directions which we ſhall give in laying 
down a ſhip. of 70 guns; for they muſt, begin by making themſelves 
acquainted with the terms, and thereby gain a general idea of the whole 
deſign. Aſter finiſhing this draught, they may then proceed to another 
of a different rate, and as we have given the principal dimenſions of ſe- 
veral good ſhips, they may chuſe ſuch a one as will beſt anſwer their 
deſign. | | 

Plat IL Fig I. I 1ſt. Provide a ſcale of equal parts properly divided into 
feet and inches, adapted to the intended length of the draught, and draw 
the line AB, which make 156 feet 3 inches for the length of the gun 
deck, from the rabbit of the ſtem to that of the poſt. 


To find the length on the gun deck, multiply 13, the] f. in. 1. 
number of ports, by 2 f. 10 in. the dimenſions of each por | 36 10 © 
fore and aft, the product is $7 Tp 1 
Again multiply 7 f. 9 in. the diſtance betwixt the ports, 7 i 

12, the number of ſpaces, the product is 93 o 
Aftmoſt port before the poſt 9 Oe 
Foremoſt abaft the ſtem 0 
Length on the gun deck . 156 3 0 


241y, Draw the line CD equal and parallel to AB, let 21 feet, the half 
of the main breadth, be the diſtance betwixt them, and erect the perpen- 
diculars CF and DE.. | 

3dly.: Set off 3 feet 2 inches; the difference of the draught of water, from 
B to G, and draw the line , which will give the poſition of the 
lower ſide of the keel. From A ſet off 1 foot 7 inches 3 lines, the depth 
of the keel, as in the table of ſcantlings, to K, and draw the line K I pa- 
rallel to A G, which will be the upper ſide of the keel. 

Athly, Set off 1 foot 3 inches 3 lines, the breadth of the ſtem from G 
to M, and draw the dotted line MN parallel to G Z. From G ſet off 
15 feet 7 inches 2 lines, the rake of the ſtem, to O. 

5thly, Set up 31 feet 9 inches 3 lines, the height of the ftem from 
G to P. With the radius IP deſcribe the arch PO, which will be the 
fore ſide of the ſtem, and from the ſame center deſcribe another arch 
within the former, which will give the inſide of the ſtem, and another 
arch for the rabbit may be deſcribed four inches before the inſide of 
the ſtem. | 264.4 | | 

6tly, Set up 25 feet 1 inch from K to L for the height of the gun 
deck abaft, and 21 feet 6 inches from I to e, foy the height afore. 

7thly, Set up 2 feet 5 inches, the height oi the port-ſells from L to a, 
which will giye the upper ſide 5 the wing tranſom; from which a” up 

2 tec 
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2 fect 7 inches, the height of the ports; alſo 1 foot for the depth, and 
6 inches 9 lines for the! round of the helm port tranſom, to the point F, 
which will be the height of the poſt; ſo K F will be 31 feet 7 inches 
9 lines. From K ſet off 3 feet 1 inch 5 lines to }, for the rake of 
the poſt, and draw the line Ff for the aft fide of the poſt. From f to 
b ſet off the depth of the keel, and draw the line h for the fore fide of 
the poſt, making F 4+ of F, ſo ſhall FO be the whole length of 
the keel. | 3 iy 

The builders are very much divided about aſſigning a proper place for 
the midſhip frame, for which the following method may be uſed: 

Divide the line CD into two equal parts, then take 5 fect 6 inches 
10 lines, that is r part of 156 feet 3 inches, the length of the gun 
deck: Set off this before the middle of the line C D, which will give 
the point E the ſtation of the midſhip frame. Set up 21 feet from F to 
Z, which will give the height of the gun deck at the midſhip frame. 
From the: point Z ſet off 2 feet 7 inches 6 lines (the + of the height of 
the gun deck at the midſhip frame,) through which point draw a line VT, 
parallel to CD, which will be the load-water line. Through the point F 
draw the line Gg, parallel and equal to the load-water line, which will 
ſhew how much water the ſhip will draw abaft more than afore. 

One of the frames is placed pretty near the cheſs tree, which is called 
the loof frame ; to find its place, from the 8 of D ſet off + of the line 
DC, and there draw a dotted line perpendicular to A B. Again divide 
the line FG into nine equal parts, and draw eight lines perpendicular to 
2 B, which will ſtation eight frames in the fore- body beſides that of 

There is in the aſter- body a frame to balance that of the loof in the 
ſore- body; theſe two are of equal breadth in ſome points, and this will 
occaſion the center of gravity of that part contained betwixt theſe two 
frames to be near the plane of the midſhip frame, which will keep the 
fore part and after part upon a balance. It muſt be as far abaft the 
middle of the line CD as that of the loof is before it. | 

The frames in the after-body are the ſame diſtance from one another 
as they are in the fore, which will occaſion one more abaft than before; 
ſo there are nine abaft, beſides that of the balance, 1 

We fhall in the next place lay down the deck lines, and firſt for the 
lower deck draw a fair curve through the points LZ e, and parallel to it 
draw another eurve for the port-ſells, which are 2 feet 5 inches above 
the deck line. , N e hp bo 
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The aftermoſt port is 9 feet 3 inches before the poſt, which ſet off to x, 
and the ports are 2 fect 10 inches fore and aft ; which ſet off from ; to , 
the diſtance betwixt the ports is 7 feet 9 inches, which ſet off from x to * 
for the aft ſide of the ſecond port; from M again ſet off 2 feet 10 inches, 
which will give the foreſide of the next. Proceed in the ſame manner 
till all the ports are ſpaced; ſo ſhall the foremoſt port be 17 fect 2 
inches abaft the rabbit of the ſtem. The height of the ports is 2 feet 
7 inches; which ſet up from u, draw a curve parallel to the deck line, 
which will give the upper part of all the ports ; after which theſe two 
lines may be wiped off the Kdt, which muſt be therefore drawn with 
a black lead pencil, and only the ports inked in. 

Draw a line for the upper deck, which is 6 feet 11 inches above the 
lower from the midſhip frame forward, and 6 inches more abaft. We may 
then draw a line for the port-ſells, and one for their height parallel to the 
deck line, and ſpace the ports ſo that they may be exactly over the mid- 
dle of the diſtance betwixt the lower deck ports. 

Before we can ſet off the height of the Quarter deck we muſt find the 
true place of the main maſt. 'The general rule is to take 4 lines for 
every foot the gun deck is in length, and ſet it off abaft the middle, 
which will give the fore ſide of the maſt: now the length 156 feet 3 inches 
X 4 lines = 625==4 feet 2 inches 1 line, which ſet off abaſt the mid- 
dle of the line CD, and there erect a line perpendicular to the water-linc, 
which will be the fore ſide of the maſt, and parallel to it draw a line for 
the middle, and one for the aft ſide of the maſt, the diameter of which is 
35 inches. Set off 6 feet 6 inches on the aft ſide of the main maſt, for 
the height of the quarter deck afore, and 6 feet 10 inches for the height 
abaft; and draw a line nearly parallel to that of the upper deck, which 
will be the line for the quarter deck. We may then ſpace the ports, 
ſo that they may be exactly over thoſe of the lower deck: The forecaſtle 
is 6 feet 6 inches high, at which diſtance draw a line parallel to the up- 
per deck line, which will give the line for the forecaſtle deck. As 10 
the length of this deck, it ends forward at the beak head, and is carricd 
aft diſcretionally, obſerving to leave room for the capſtan bars. In ſpa- 
cing the ports upon the forecaſtle, care muſt be taken that none be op- 
polite to the fore maſt. Now to find the center of this maſt, take 1 5 fect 
7 inches 2 lines, the tenth part of the whole length, which ſet off from 
the rabbit of the ſtem upon the lower deck abaft, from which point ſet off 
32 inches and 1 line, being the diameter of the maſt, through the middle 
of this draw a perpendicular line, as in the plate. The boltiprit gene- 

rally makes an angle of 34 or 35 degrees with the load-water line. 
D 2 The 
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The poop is pretty near parallel to the quarter deck; the diſtance be- 
twixt r al 6 fert, an abaft 6 feet 3 inches. Tt ends about 
18 inches before the mizen maſt, the aft ſide of which is 3 of the main 
breadth before the rabbit of the poſt upon the gun deck. 

The counter is generally an arch paſſing from the upper ſide of the 
wing- tranſom to the lower ſide of the beam of the ſecond deck, The 
rake of the lower counter is 3 of an inch for every foot of the main 
breadth, The rake of the ſecond counter is 7 of the lower; its height 
above the deek is 3 feet 5 inches. The hollow of the counters is altoge- 
ther arbitrary, inſomuch that ſome give none to the lower. The upright 


of the ſtern rakes 2 inches, in a foot, as in the plate. 


The beauty . of a ſhip. depends much, upon Fos the wales a proper 
Hanging; for by them the ſheer and drift rails are regulated, being all 
nearly parallel to one another, though they generally riſe a little more 
abaft on account of the accommodations for the officers. It is this 
which makes a ſhip look airy and graceful in the water. There is no 
certain rule for laying them down; this is left entirely to the fancy and 
taſte of the artiſt ; but in placing the wales great care muſt be taken that 
they be wounded as little as poſſible by the ports; the foremoſt port on 
the gun deck muſt be 14 or 2 inches above, and the third port from 
abaft juſt touch the upper ſide of the upper ſtrake of the main wales. 
The lower edge of the lower ſtrake may glance with the edge of the wa- 
ter when loaded. There are two ſtrakes of wales, and one ſtrake between 
them of 15 inches broad each. The range of the deck ſhould be conſi- 
dered in placing the wales, ſo that the ſcuppers may be in the ſtrake 
betwixt the wales. The like caution muſt be uſed for the channel wales 
as may be ſeen in the plate, where they are all laid down, together with 
the ſheer and drift rails; the rails, cheeks, and knee of the head are like- 
wiſe laid down in the plate, and being for an ornament to the ſhip, are 
left to the fancy and taſte of the builder. Though the knee may help a 
ſhip to hold a good wind, the fore part of it is generally one twelith 
part of the length before the ſtem. | 


CHAP. 
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CH A p. IV. 
To lay down the Prames upon the Plane of Projection. 


TAVING thus explained all that is neceſſary to be delineated 
upon the plane of eleyation, the next thing to be determined is 


the different breadths of the ſhip at any aſligned points of the length, 
whereby we ſhall gain the forms of all the planes that ate made by ſec- 
tions, perpendicular to the load-water line. The timbers that compoſe 
the body of a ſhip are ſuppoſed to haye their planes in that poſition, and 
may be all delineated upon the plane of the projection; but as both ſides 
of a ſhip are exactly the ſame, it will ſuffice to lay down the half of 
each, thoſe of the fore-body on the right, and thoſe of the after-body on 
the left hand. And whereas theſe planes diminiſh afore and aft, the 
planes of all the frames may be all delineated upon the plane of the mid- 
ſhip one, which may be called the maſter frame. The firſt thing then 
neceſſary to be known is how to form this frame. 

The mid-ſhip frame is that which is at the broadeſt part of the ſhip. 
The builders differ about the form of this frame, bur there are ſeveral 
preliminary operations which are neceſſary to be obſerved in all the dif- 
ferent methods uſed in forming it. 


Preliminary Operations for forming the Midfbip Frame, 


Plate III, Fig. I. and II. I I ſt. Draw the line AB to repreſent the upper fide 
of the keel; it muſt be at leaſt as long as the ſhip is broad. This line our 
author calls the line of aculement, becauſe upon it the aculement of the 
midſhip floor timber terminates. 

2dly, Draw the line CD parallel and equal to A B, ſo that A C and 
BD may be equal to the riſing of the midſhip floor timber. This line 
may be called the riſing line, becauſe it limits the height of the ends of 

the midſhip floor timber above the keel. | 
| 3dly, Draw the line G H for the height of the lower deck parallel to 


the former, and below this draw a line to repreſent the load-water line, 


taking its diftance below the deck line from the plane of elevation at the 
midſhip frame. Draw alſo the lines TK and L M, the one for the ſe- 
cond deck, and the other for the ſheer rail or top of the (ide in midſhips. 
The height of both are to be taken from the plane of elevation. 


4thly, 


: 
\ 
1 
1 
11 
f 
| 
; 
: 
of 
- 
' 
| | 
; | 


, 


22 Of the Plane of Projection. Cray, IV. 
4thly, Draw the line NO perpendicular to A B; this is called the 
middle line, and repreſents the middle line of the ſtem and poſt, dividing 
the whole ſhip into two equal parts; and parallel to NO draw the 
lines A L and BM, tolimit the breadth ; alſo a line for half the thickneſs 
of the ſtem, and one for half the thickneſs of the poſt. Draw the lines 
* parallel to NO, dividing the lines OA and OB into two equal 
parts. Draw alſo the — 7 G B. Theſe lines being drawn, we may 
proceed to form the midfhip frame by ſome of the following methods. 


911112 MET H O D I. 

To form a Midſbip Frame that ſball be neither too ſbarp nor too flat. 

Plate III. Fig. I.] 1, Divide the line a x, which marks the head of the 
floor timber into three equal parts; ſet off one from 4 to b. 

2d, Divide the line 4 B, the diſtance betwixt the load-water line and 
the upper ſide of the keel, into ſeyen equal parts; ſet off one of theſe 
from 4 to e, and from e to m, and draw the diagonal à V, which divide 
into two equal parts in the point 2. Note, the diagonal a V is wiped 
out after fading the point n. 3 

3d. Deſcribe an arch of a circle to paſs through the points 6 and e, 
make the radius the whole length and half the length of the line Be, fo 
the center A may be found by deſcribing an arch with that radius from e, 
and one from & to interſe& one another in A, we ſhall only make uſe 
of that part of this arch betwixt / and . Now, to find the other 
arches mn d, la, an, uV, it muſt be obſerved, that in order to recon- 
eile two arches, ſo as to make a fair curve, a ſtrait line muſt paſt through 
the centers of both, and through the points where they unite or touch 
one another; draw therefore the lines Am and A , ſo ſhall & be the 
center of the arch 924, and o the center of the arch 44. Again through 
the center 9 draw the line a , produce it to P, which will be the center of 
the arch an. Laſtly, from P thro' ꝝ draw the line P, s will be the center 
of the inverted archn V. Note, the center s will be without the Plate. 

4th. To form the top timber ſet back the tenth part of the half 
breadth from K to S, upon the line of the ſecond deck; deſcribe an arch 
of a circle thro' the points 4 and K, taking 5 of the whole breadth for the 
radius: Again, from the point M, upon the line LM, ſet back the fifth part 
of the whole breadth to g. Deſeribe an arch of a cirele through the 
points S and T, taking the diagonal G B for the radius. As this arch is 
inverted in reſpect of the arch 48, the center will be without the figure. 
This compleats the form of half the midſhip frame, and by the ſame ope- 
rations we may find the other half. | 
It muſt be obſerved that there is no regard had to the found of the 

beam in ſetting off the deck line or depth of the hold. M E- 
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| MET HO D II. 


To deſcribe a Midſbip Frame of a circular Floor. 


Plate III. Fig. II.] From the center G, the point where the middle line 
interſects the deck line, 1. king the half breadth the radius deſcribe the 
arch &, G, c, O: Let 4 be the head of the floor timber, and 4x the riſing. 
Aſſume the point 7, according to what round you propoſe to give to the 
ſecond futtock, and deſcribe the arch 47; the center may be found as di- 
rected in the preceding method. Divide the arch c O into three equal 
parts; ſet off one from c to g, and from the center Y; deſcribe the arch 
dg: there remains only the inverted arch g Y to be deſcribed ; the center 
may be found as before directed. 


METHOD in. 


To draw a Midſbip Frame which ſball be very full. 


Plate III. Fig. III.] 3ſt, Draw the riſing and deck lines as before; let 4x 
be the riſing. | 
. 2d. Make 46 the ſide of the ſquare 4b ac equal to Ch the + of the 
breadth. | 

3d. Inſcribe the two quadrants c eb, and cf into the ſquare. 

4th. Divide the fide c into a certain number of equal parts in the 
points O, N, M, L 2; draw the lines i L, % M, Sc. perpendicular to ac. 

F. Divide the line C G, the depth of the hold after deducting the ri- 

ſing, into the ſame number of equal parts in the points E, F, I, K, and 
make the lines Ep, Fg, Ir, K, in the frame, equal to the lines Or, 
Nu, Me, L in the ſquare, deſcribe a curve through the points G, %, 9, 
7, 5, ł, and the remaining part of the frame may be deſcribed by the pre- 
ceding methods. 


M EBT HO“ D VV. 


| To deſcribe Midſbip Frame for a very ſharp Ship. 

Plate III. Fig. IV.] Let the length of the floor timber be half the breadthᷣ 
as before, and the riſing one ſifth or one fixth of the whole length of the 
floor timber; lay this off from x to E, and deſcribe a parabola through 
the points G, P, Q, E, of which the point G is the. vertex, and & C the: 
axis, This method is extraded from M. Bouguer. The parabola may 
be formed by the following method: 1. Through the point E draw the 
line T x perpendicular to GC, and the line 4 E perpendicular to #. G, and 


produce 
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produce the line CG to D, adly, Upon the line GD find the center of a 
ſemicircle that ſhall paſs through the points T, d, and D, ſo ſhall, G D be 
the parameter of 'the parabola, by which we may find any number of 
points thtough which the curve muſt paſs : for inſtance, ſuppoſe it 
were requited to find a point in the petpendicular XP, through which 
the curve muſt. paſs; upon the line G D find the center of a ſemicirde 
which ſhall paſs through the points. D and X; this will interſect the line 
AG in 6, make YP equal and parallel to G X, ſo ſhall P-be. the point 
required; in like manner the points 4 Q may be found. The remainder 
of the curve from E to y will be compoſed of two arches, the one to re- 
concile with the parabola in the point E, and the other inverted to paſs 
through the point y; the center of which may be found by.;any of the 
preceding methods. In order to find the center of that which joins with 
the parabola make T R equal to half the parameter G D, and draw the 
line E R, upon which find a point 8 for the center of the arch. 

We might ſhew a great many more methods of deſcribing this midſhip 
frame. It is very true that great care ought to be had in forming this 
frame, becauſe upon it chiefly depends the form of all the other timbers; 
I fay chiefly, but not altogether ; for two ſhips may be ſimilar as to their 
midſhip frames, and yet very different afore and abaft; and though the 
artiſts ſhould make themſel ves acquainted with all the different ways of 
forming this frame, I ſhould recommend that method to them which is 
the ſimpleſt and which. gives them the moſt liberty to vary the form of 
it, according to every one's particular taſte or fancy; and it is very poſſi- 
ble there may be ſeveral other methods as caſy and plain as thoſe we' have 
deſcribed.. This frame being once formed, we may form all the reſt upon 
the ſame plane. We ſhall in the next place ſhew the different methods 
uſed by the builders for that purpoſe. 


oy 


The ancient builders not being acquainted with the methods of laying. 
down their deſigns in a draught, found out a mechanic way of doing this 
only by help of the midſhip frame, which they might have formed by 
ſome of the preceding methods or any other contrivance of their own; 
and though this method is defective in ſeveral points, yet as it is an inge- 
nious contriyance, we ſhall give it a place here. 785 


NME T H OD . ATT” 

Of forming the Timbers by a Mould "mad to the Midſbip Frame; à ri. 
: n 

Plate III. Fig. VII.] 1ft. Having formed the midſhip frame and ſet off its 


ſcantlings, make a mould to fit both outſide and infide, which may be 
called the bend mould | | 2d. 
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2d. Draw the line Z x to limit the head of the floor timber at d; let d « 
be the riſing, and draw the line a u; let F be the height of the riſing line 
abaft, and draw the line t to repreſent the floor heads, or floor ribband, 
Set off 4x from d to H; and from e, the head of the firſt futtock, 40 6, 
and divide each into fix equal parts, being the number of frames from 
midſhips to the balance frame. 

zd. Divide the line @ u into five equal parts, and ſet off two of them 
from @ to 8; divide the line @S into the ſame proportion, that the part 
A6 of the baſe A C of the right angled triangle (fg. 5.) is divided into, 
and transfer theſe diviſions to the bend mould, and let them be numbered 
o, 1, 2, 3, 4, 5, 6, which points will give the narrowing of the floor, as 
we ſhall ſhew, after conſtructing the triangle. We ſhall only remark, 
that the line @ 8, which is + of a u, is nearly the difference betwixt half 
the length of the midſhip floor timber, and half the length of the floor 
timber at the balance frame. But as this appears to be too much, we may 
take 3 as in the figure, or any other quantity which ſhall be thought 

moſt convenient. 


To conſtruct the Triangle, Fig. 5. 


Upon the line A C, drawn at pleaſure, ſet off any diſtance from A to 1, 
and double that diſtance from 1 to 2, treble from 2 to 3, and ſo on in 
the ſame progreſſion till we have as many diviſions on the line A C as 
we propoſe to have frames abaft the midſhip. Erect a perpendicular at 
A, which may be produced at pleaſure, and from any point B draw lines 
to all the diviſions of the baſe A C. Obſerve that though in the triangle 
we have drawn a line for every frame to the faſhion piece, we ſhall only | 
make uſe of fix, there being ſo many to the balance frame. The triangle 9 
being thus conſtructed, apply the line 4 8 to it, in ſuch a manner, that it 1 
may be parallel to A C, and be contained betwixt the lines B A and B 6, 
the lines drawn from the point B to the points 1, 2, Cc. will divide it 1 
into the required proportion. | 


To couſtrult tbe Riſing Staff, Fig. 5. 


This ſtaff K may be of the ſame breadth with the keel, and a little # 
longer than 41, the height of the rifing of the floor. In order to graduate j 
that ſtaff, ſet off x u, the riſing of the midſhip floor from K to o, and 
make L equal to af ; apply the line L to the triangle, ſo that it may 


be parallel to the baſe, and contained betwixt the lines AB and B * 
9 — nes 
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lines from the point B to the ſeveral points in the baſe will divide it into 
the required proportion, which will give the riſing of the floor. 

Note, Our author calls x u the acculement, and u d the riſing; the line 
u a will paſs through the point where the inverted arch joins the floor ſaveep. 


To conſtruct the over caſt Staff, Fig. 5. 


That we may have a clear underſtanding of what is meant by over- 
caſt, it will be proper to obſerve, that in forming the frames by the bend 
mould, when it is ſet to the narrowing of the floor, the head of the 
mould will come too far in at the deck; the mould muſt therefore bo 
moved round upon the point which repreſents the floor ribband, till the 
head goes out to the proper breadth ; this will occaſion the lower part of 
the mould to riſe a certain quantity, which is called the over-caſt. In or- 
der to graduate this ſtaff we muſt determine the difference betwixt the 
main breadth at the midſhip frame, and at the balance frame, which ſup- 
poſe D F, let this be placed parallel to the baſe, and contained betwixt 
the line BA and B; ſo ſhall the lines B6, B 5, &c. divide it into the 
required proportion. | 

Theſe are the inſtruments that are neceſſary for forming the after 
frames, thoſe for the fore part are conſtructed in the ſame manner, only 
the graduations for theſe are but half the graduations of the former, for 
which reaſon there muſt be another bend mould graduated for the 
fore body. | 

Now, in order to form the frames by theſe inſtruments, place the bend 
mould upon the riſing ſtaft in ſuch a manner that the middle line of the 
ſtaff produced may paſs through the narrowing of the floor upon the 
bend mould, expreſſed by the diviſion correſponding to the frame to be 
formed ; ſuppoſe frame 6, (Fig. 7.) the lower or ſtrait part of it 
expreſſed by the dotted line in the figure being applied to the ri- 
ſing ſtaff, till the middle line B a paſs through the diviſion 6 on the bend 
mould: mark by the edge of the riſing ſtaff the point 6, which expreſſes 
the riſing of the floor at that frame, Set up the over caſt (expreſſed by 
the ſpace contained betwixt the points 5 and 6 upon the over caſt ſtaff) 
from the lower part of the bend mould to the point 6 upon the line Ba ; 
then keeping the point 4 immoveable, turn the bend mould upon this 

int till the lower part riſe to the overcaſt at the point 6 upon the line 

a, and when in this poſition we may deſcribe the curve to the floor 
head, and then invert the bend mould, and placing the point 6 (betwixt 
4 and H) to the point ſet off before to expreſs the riſing, turn the mould 

nnn, 
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till the ſtrait part touch the curve before deſcribed, and then draw the 
lower part, which compleats the frame. 

This is the method that is uſed when they mould the timbers, and it 
may likewiſe be uſed to lay them down upon a draught ; for if the line 
au of the bend mould (Fg. 8.) be laid upon the line A V, we may, 
when in that poſition, deſcribe the midſhip frame from the point 4 
to the point X. In like manner we may delſcribe all the reſt of the 
frames, by giving each its proper over-caſt and riſing ; as for inſtance, 
if it were required to deſcribe frame 6, take the rifing K 6 upon the 
riding ſtaff, and ſet it off from the point B to the point « upon 
the line BG, and draw a line through the point @ parallel to AV, 
upon which laying the bend mould in ſuch a manner that the point 6 
which expreſſes the narrowing of the floor, ſhall be upon the point a ; 
then will the point 4 be upon the point RS: ſet up the proper over-caſt 
from à to 6, and keeping the point d immoveable, puſh up the bend-mould 
which at firſt was placed at the point a, till it be raiſed to the point 6, which 
will throw out the point X to the proper breadth at the deck. But be- 
cauſe the deck is higher at timber 6 than at the midſhip frame. Take 
the diſtance betwixt e and 6, at the head of the futtock on the bend 
mould, and ſet it up from x to 6, and then inverting the bend mould, ſo 
that the point 6 betwixt 4 and H be at the point X, and the ſtrait part of 
the mould touch the curve before deſcribed : we may then deſcribe the 
lower part to the point X, which compleats the whole frame. The tim- 
bers for the fore body may be deſcribed by the ſame proceſs as thoſe of 
the after body, only making uſe of the bend mould, riſing and overcaſt 
ſtaff graduated for that purpoſe; but as we obſerved before, we cannot 
lay down any timbers by this method but thoſe betwixt the midſhip and 
ballance frame. 7 

The builders finding how very advantageous it would be ſor them to 
form all the timbers upon the plane of the projection, becauſe they could 
then at one view ſee how they would compare one with another, have 
tried ſeveral expedients to perform this, of which I might inſtance ten or 
twelve, but ſhall content myſelf with explaining three, which may be 
fufficient for thoſe purpoſes, in order to which I ſhall firſt ſhew another me- 
thod of forming the midſhip frame, different from thoſe we have ſhewn 


before. 
Plate III. is 6: iſt. Draw the riſing deck and load-water lines, and ſet off 
eos the length of the floor timber as before. Free 

24, Take one fourth of the length of the floor timber, and ſet it off 
from O to d, upon which erect the perpendicular dc, and divide it __ 
* 


two equal parts in the point e. 
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za. Deſcribe an arch through the point a, the head of the floor tim- 
ber, and the point e, taking for the radius the diſtance from the upper 


edge of the keel to the port-ſells, or a little more or leſs, according to 


what round you propoſe to the floor head. This determines the riſing of the 
floor timber, and with the radius OJ, half the length of the floor timber, 
deſcribe the arch e Y, which determines the aculement of the floor timber. 

4th. At the point /, the middle of the line A O, erect the perpendi- 


cular In; and at the point u, the middle of the line A /, erect the per- 


pendicular ; erect alſo the perpendicular p q at the middle of the line 
An; and another , at the middle of the line A p; and laſtly, another 
tu, at the middle of the line Ar, $335 | 
5th. Take the diſtance In, which ſet off on the line n 0 from » to x ; 
and on the line pg, from p to g; then taking the diſtance from 4 to g 
ſet that off from p toy; again take the diſtance py, which ſet off from 
r to b, and the diſtance ba from to F; and laſtly. take the diſtance F, 
which ſet off from # to E, and then the diſtance E @ from t to x, a curve 
paſling through the point a, 2, y, F, x, T, will form the midſhip frame un- 
der water. We may then ſet off half the thickneſs of the poſt and ſtem 
on each ſide of the middle line, and form the reſt of the timbers ; thoſe 
for the fore body on the right, and for the after body to the left of the 


* 


middle line. 


Plate II. Iſt. To lay down the poſt upon the plane of projection, take the 
difference of the draught of water abaft more than in midſhips, as 


marked on the plane of elevation (Fig. 2.) ſet off this from F to 4 


(Fig. z.) and draw the line de parallel to AB; take alſo K F, the height 
from the plane of elevation, which ſet off from e to r, ſo ſhall the point - 
be the head of the poſt. * 11 DER 

2d, to lay down the wing tranſom, take its height from the plane of 
elevation, which ſet up on the plane of projection to /, and draw the line 
g/ perpendicular to the middle line, ſo gf repreſents the upper fide of 
the wing tranſom without regarding the round up or the round aft. Take 
alſo the height of the riſing line upon the poſt trom the plane of elevation, 
which ſet off from e to G. Es 

34d- To form the faſhion piece; take upon the plane of the projection 
„ G the height of the load-water line, above the riſing line upon the 
poſt, which ſet off from » to o upon the water line; take alſo G P, the 
diſtance betwixt the riſing line and lower deck, which ſet off from P to 


| 9 upon the deck line, and deſcribe a circle through the points f, q, 9. There 


is a problem in geometry to find the center of this arch, Note, the point 
7 may be taken further out or in, as you deſign a lank or full faſhion picce. 


Laitly, 
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Laſtly,” deſcribe the arch o G; the radius of this arch may be the main 
half breadth ; ſo ſhall F, q, o, G be the form of the faſhion piece, which 
may be varied according to the fancy of the artiſt, by altering the centers. 

Having thus formed the midſhip and after frames, we thall in the next 
place ſhew how to ſpace the ribband lines, which are repreſented by the 
diagonals in the figure, but it will be proper ta remark, that the ribbands 
are thin narrow planks which are made fo, that they may eafily be bent 
to the timbers. That which is nailed tothe poſt at the height of the rifing 
line, and to the midfhip frame, at the end of the riſing of the floor timber, 
is called the floor ribband. That which anſwers to the wing tranſom and 
to the height of the lower deck, on the midſhip frame, is called the breadth 
ribband ; all the reft betwixt theſe two are called intermediates. 

From the Point H draw the line H G for the floor ribband, and from 
the point T draw the curve T, E, 9, p for the breadth ribband, and draw 
the two intermediates betwixt them, ſo that by them the curve of the 
midſhip frame and faſhion piece may be divided into three equal parts. 

Now, it is very plain, that if the ribbands had a proper form, and nail'd 
at the proper heights and poſitions, they would: compoſe a kind of a 
model, by which the circular form of every timber might cafily be diſ- 
covered; but as we have only the extreme points of each given, we 
cannot from thence form ſuch a curve as ſhall be neceſſary. We muſt 
therefore find a method to form ſome intermediate timbers betwixt the 
midſhip and after one, and thereby form the ribbands fo that they ſhall 
make fair curves. There are ſome preliminary operations which are ne- 
ceſſary towards performing this. | 


iſt, To conſtruct an equilateral Triangle for the Progreſſim of the 
Frames in the After- Body. 


: From the point M ſet off any diſtance to 1, upon any 
Kk. f „ brain line, and from 1 to 2 treble that diſtance, from 2 to 3 
five times that diſtance, from 3 to 4 ſeven times that diſtance, and proceed 
in that progreſſion, increaſing the ſpaces betwixt the figures by equal 


differences, viz. double the diſtance betwixt M and 1, till we have as 


many diviſions leſs one as there are frames betwixt the midſhip and pot, 
including that of the midſhip and poſt ; and becauſe there are nine frames 


the line muſt conſiſt of ten diviſions, from the point M to the point E. Let 


them be numbered 1, 2, 3, &c. make ME the baſe of an equilateral trian- 
gle SME, and draw the lines 8 1, S 2, Sc. obſerving to produce them 
all till the diſtance betwixt the lines SE and 8 9, upon a line parallel to 


the baſe, be at leaſt equal to the diſtance betwixt the frames in the _ 
| 0 
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of elevation. The line 8 M- repreſents the midſhip frame, and the line 
S E, the poſt, and the nine intermediates, repreſent the nine frames be- 
twixt the midſhip and poſt. 

In order to give us a clear underſtanding of the uſe of this triangle, it 
will be neceſſary to remark, that the midſhip frame being that which in- A 
cloſeth the greateſt ſpace, and the aftermoſt that which incloſeth the : 
leaſt, it will follow, that the intermediate frames will partake of the 
form of each ; but moſtly of that to which they are neareſt ; yet they 
will till retain a little of the form of each. Hence, when the interme- 
diate frames are all formed, their curves will divide all the diagonals, 
drawn in the plane of projection, into as many parts as there are frames; 
and all the methods the builders have invented ſerve only to divide them 
into ſuch a proportion as ſhall produce the faireſt curves. 

Now, if the proportion pitched upon for that purpoſe, be as 1, 3, 5, 7, 9, 
Sc. then they muſt all be divided into the ſame proportions as the baſe 
of the triangle is divided into ; and this may be performed very readily, 
only by taking the length of each diagonal from the plane of the projec- 
tion, and applying it to the triangle in ſuch a manner that it ſhall become 
the baſe of an equilateral triangle ; as for inſtance, to divide the firſt in- 
termediate diagonal; take the length of it in the plane of projection, 
(Plate II. Fig. z) and ſet it off from the point'S to mz and # on the ſides of 
the triangle S M and SE; and draw the line , which being parallel to 
the baſe of the triangle, will be divided into the ſame proportion. 
In like manner all the reſt of the diagonals may be divided ; but as 
the builders are not agreed as to the preciſe form of a ſhip's bottom, ſome 
chuſe to divide the baſe of the triangle into another proportion ; others a- 
gain in applying the diagonals to the triangle give them different inclina- 
tions to the line MS. It would be very proper to try ſeveral of theſe 
methods, by which means. we might diſcover which would be moſt con- 
venient ; and after all the diagonals are divided into as many points as 
there are frames, curves paſſing through theſe points will determine the 
form of all the frames ſrom the midſhip to the poſt. It only remains to 
ſhew how to end each frame upon the poſt. It was before obſerved that 
the keel is not parallel to the ſurface of the water, ſo that it will be 
very eaſy to conceive that the height of each frame taken from the up- 
per fide of the keel, upon a perpendicular to the ſurface of the water, 
will always increaſe, the nearer the frame is to the ſtern poſt, Now 
g K is what the keel is deeper abaft than at the midſhip frame; and to find 
how much any frame abaft exceeds that of the midſhip, ſuppoſe the firſt , 
take the diſtance betwixt the line g G and K I at that frame, from the plane 


of 
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of elevation, (Plate II.) which ſet off from F to wards d, (Fig. 3.) and at 
that point draw a line parallel to de, which will be the firſt frame upon the 
keel. In like manner we may draw lines parallel to 4 e, for all the reſt, as 
in the figure, which will determine their heights from the upper fide of 
the keel to the ſurface of the water, 

It muſt be obſerved, that the diagonals in the plane of the projection, 
which end on the faſhion piece, muſt likewiſe end on the faſhion piece on 
the plane of elevation; we muſt therefore draw the faſhion piece on the 
plane of elevation Thus, take the diſtance of the point G, in the plane 
of the projection, from the upper ſide of the keel, which ſet off upon the 


ſtern poſt in the plane of elevation to the point Y; through , the rabbit of 


the wing tranſom, draw the ſtrait line n, which will repreſent the faſhion 
piece on the plane of elevation. Now as only the loweſt diagonal ends 
upon the poſt, in the plane of projection, which in the plane of elevation 
ends at , ſo the other diagonals that end upon the fathion piece, mult 
likewiſe end on the faſhion piece in the plane of | elevation. Their 
height muſt therefore be transferred from the plane of the projection 
to that of the elevation ; ſo the ſecond diagonal will end at the point P, 
upon the faſhion piece in the plane of elevation. In like manner all the 
reſt may be transferred to the plane of elevation ; and as the line that re- 

eſents the faſhion piece upon the plane of elevation rakes aft, this will 
occaſion the line PS, which is perpendicular to the line that repreſents 
frame q, to exceed the line M. In the triangle, the line S M repreſents 
the midſhip frame and the line SE the poſt ; that is, if the point where 
the ribband ends on the poſt, be equally diſtant from frame 9, that frame 
9 is from frame 8. Now as Mh is longer than ML, we muſt draw the 
line S D without the triangle, which is to be uſed inſtead of the line SE, 
when we come to apply the diagonal H G to the triangle; for the point 
H muſt touch the line S M, and the point G the line SE. To find the 

oint D, take ML from the plane of elevation, and apply it to the 
triangle, ſo that BC ſhall be equal to it; and parallel to ME; it muſt 
alſo be contained betwixt the line Sg and SE. Then take Y M and ſet 
off from B, which will give the point D. In like manner the line 8 F 
muſt be uſed when we divide the diagonal MK ; and to find the point F 
ſet of PS in the plane of elevation, from B to F in the triangle ; and draw 
the line SF. In the ſame manner there. muſt be lines drawn for every 
Plate IV. Fig. L.] diagonal without the lineSE ; ſo the line SE is not uſed 

iin dividing the diagonals. Let it be further obſerved, that 
in applying each diagonal to the triangle, it muſt not only be contained 
betwixt the line SM and the line correſponding to the diagonal, which 1s 


to be divided, but it muſt likewiſe form a certain angle with the line M * 
| that 
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that is, with that part of it which is intercepted bet wixt the diagonal and 
the point 8. Theſe which appear to me to be propereft for that pur- 

ſe are as follows: The firſt diagonal to make an angle of 60 degrees; 
the ſecond. 622, the third 68, the fourth 86, the fifth 65, the fixth 60 de- 
grees; but the artiſts vary theſe angles according to the form they deſign 
to give to the timbers ; ys ſome draw 'them . pacatiet to the baſe 
of the triangle. „ 

Our author then proceeds to the e and forms a triangle, the baſe 
of which be divides in the ſame manner as "chat already deſcribed, by which 
he divides each diagonal. He likewiſe ſhews how to ſpace the diagonals upon 
the ſtem; but as the artiſts leave us ſo much undetermined as to the angles 
that each diagonal is to make with the line 8 M, when they are applied to 
the triangle, it will be very difficult to apply this method 70 practice. S0 
we preſume it will be needle to ſay any more on that head, judging what 
has been already ſaid ſufficient to give our readers an idea of the principles 


on which the method is grounded; we ju proceed ee to the next me- 
thod be propoſes. 


To form the Timbers by a Quarter of a Circle, Plate IV. Fig. 2. 3. 


iſt, Form the midſhip frame, the faſhion. piece, the foremoſt timber, 
alſo the two balance frames, by ſome of the preceding methods. Note, 
Thoſe who make uſe. of the following method of forming the reſt of the tim- 
bers are ſuppoſed to be previouſly acquainted with the manner of forming 
the midſbip frame, &c. 


2d, Space all the diagonals for the ribbands as directed in the pre- 
ceding method. | 

3d. From the center A with any radius deſcribe a ers of a circle, 
and divide it into ſo many equal parts, that there may be a point for each 
timber to be formed, and draw the radii A 1, A 2, Sc. to A q, ſo we ſhall 


have one for each frame. 


4th. Take a6 the firſt diagonal, which ſet off from the point A 
upon the line AC, to 1, | 
th, Take ac, the diſtance upon the lower c wbahck betwixt the poſt 
and balance frame, which in the plane of projection is the 6th frame, ſet 
off this diſtance upon a perpendicular erected upon the line AB, to in- 
terſect the radius A 6, in ſuch a manner that the perpendicular G 1 ſhall 
be equal to 3 c. 
6th. Produce the line C A to F, and upon this line find a point, which 
ſhall be the center of a circle whoſe circumference ſhall paſs through the 
point 1, before marked upon the line A C, and the point 1, now marked 


upon the radius A 6 ; deſcribe the arch through theſe two points to the 
point 1 on the line 5 it 7th, 
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7th. Let fall perpendiculars to the line A B from the points where the 
arch 1, 1, 1 interſects the ſeveral radii. Transfer theſe perpendiculars to 
the line 4 b, which will divide the lower diagonal into the points through 
which the curves of the frames muſt paſs. Note, the perpendiculars are 
not drawn to avoid confuſion. 

After the ſame manner all the other diagonals are graduated, firſt by 
taking the whole length of each diagonal, and ſetting them up on the 
line AC, from the point A to the points 5, 4, 3, 1, 2, and ſecondly, by 
taking the ſeveral diſtances upon each diagonal intercepted betwixt the 
after frame and the balance frame, and applying them ſeverally to the ra- 
dius A6, in ſuch a manner that they ſhall be contained betwixt the radius 
A6 and the line AB, upon the perpendiculars let fall from the points 
5, 4, 3, 1, 2. And thirdly by deſcribing arches through the points in the 
line A C, to pats through the points of the ſame number upon the radius 
A6, whoſe centers are in the line AF; the arches to be produced to in- 
terſect the line A B in the points 5, 4, 3, 1, 2, will interſect all the radii; 
the perpendiculars let fall from the interfections of the radii with the arch 
correſponding to each diagonal, will divide that diagonal into the points 
through which the curves of the frames muſt pats. | 
The diagonals for forming the frames in the fore body are divided into 
the points through which the curves muſt pats by the ſame operations, 
only obſerving that frame 4 is the balance frame for the fore body. 


E 


Of the Projections on the horizontal Planes, and of the Water 
and Ribband Lines on the Plane of Elevation, and that of 
the Projection. 1 


5 AT ER Lines are deſcribed upon a ſhip's bottom by the ſur- 

face of the water into which ſhe ſwims ; that which determines 
how much is under water when ſhe is loaded is called the load-water line. 
Now it is plain, that if a ſhip is lightened, ſhe will riſe higher out of the 
water; and if ſhe be lightened ſo as to riſe equally afore and abaſt, the 
ſurface of the water will then form another water-line parallel to the load- 
water line. Again, if the ſhip is lightened more ſhe will ſtill rife higher, 
and if the ſame difference {till continues betwixt the draught of water abaſt 


and afore, we ſhall haye another water line parallel to the two * z 
0 
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ſo that by this means we may deſcribe as many water lines as we pleaſe, 
all parallel to one another. | 

In order to form an idea how theſe lines are repreſented on the different 
planes, let us ſuppoſe a ſhip upon the ftocks upon a level gronnd, and 
her keel in the ſame poſit ion, with reſpect to the horizon, that it is to be 
in the water when loaded; we may then deſcribe ſeveral black lines upon 
the ſhip's bottom, which may be whitened for that purpoſe, all parallel 
to the horizon: Theſe will all be water lines. 

Now, if a ſpectator be removed at any conſiderable diſtance from the 
{hip upon a line in the fame direction with the keel, all theſe black lines 
which were drawn upon the ſhip's bottom, parallel to the horizon, and 
which are actually curves, will appear to him all ſtrait lines, becauſe he 
ices. them all upon a plane formed by a ſection paſſing through the mid- 
ſhip frame perpendicular to the keel. Hence the water lines will be re- 
preſented by ſtrait lines upon the plane of the projection. 

Again, if a ſpeQator is removed at any confiderable diſtance from the 
ſhip upon a line perpendicular to the keel, ſo as to fee the whole length of 
the ſhip at one view, the water lines will then appear to him ftrait lines, 
becauſe he ſees them upon a plane erected perpendicular to the horizon 
upon the middle line of the keel. Hence the water lines will be repre- 
ſented by ftrait lines upon the plane of eleyation. 

But if the ſpectator be ſuppoſed to be placed underneath the middle of 
the ſhip at any conſiderable depth, in a line perpendicular to the level 
ground, he will then, viewing the ſhip's bottom upwards, diſcover the 
curvings of all the water lines. Theſe curves are all projected upon a 
plane, which we muſt imagine to be formed by a ſection of the ſhip 
through the load-water line, and we are now to ſhew how theſe are 
formed : 8 | 


To form the Water Lines upon the Horizontal Plane. 


Let the water lines to be formed be repreſented in the plane of the 
project on by ftrait lines all parallel to one another. Theſe will be re- 
preſented by the ſtrait lines in the plane of elevation. Suppoſe qr, t 
hx, and T V, all parallel to one another, and the ſame diſtance from the 
load-water line T V that the lines which repreſent them in the plane of 
the projection are from it. In order to form theſe upon the horizontal 

lane, | 
F iſt, Take half the thickneſs of the poſt from the plane of the projec- 
tion, and lay it off on the horizontal plane from A to E, and through the 


point 
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point E draw the line Es. parallel to A B, five or ſix feet long; lay off 
the ſame diſtance from E to F, and thro' the point F draw a line F pa- 
rallel to A B, five or ſix feet long. 

2d. From the points where the water lines interſect the ſtern poſt 
upon the plane of elevation, let fall perpendiculars. In like manner let 
fall perpendiculars from the points where the water lines interſect the ſtem, 

3d. Take upon the water lines, in the plane of the projection, the ſe- 
veral diſtances intercepted betwixt the middle line and the curve of the 
midſhip frame, and lay them off from the line A B in the horizontal plane, 
upon the perpendicular that repreſents the midſhip frame. Take alto 
from the plane of projection the ſeveral diftances intercepted betwixt the 
middle line and the curvings of the other frames, and lay them off in the 
horizontal plane from the line AB upon the perpendiculars correſpond- 
ing to their reſpective frames, both in the fore body and after body, and 
curves paſling through all theſe points will give the true form of all the 
water lines. They end forward at the points where the perpendiculars in- 
terſe& the line FR. The water lines abaft which end upon the poſt in 
the plane of elevation, will end where the perpendiculars interſect the 
line Es upon the horizontal plane. But the 3d and 4th water lines can- 
not end upon the poſt, by reaſon of the faſhion pieces; and in order to 
find the points where theſe ſhall end, we muſt proceed in the following 
manner. | 

To find the point where the load-water line ends, let fall a perpendi- 
cular from the point &, where it interſects the faſhion piece on the plane 
of elevation, to N. Take from the plane of the projection upon the line 
that repreſents the load- water lines, the diſtance betwixt the faſhion picce 
and the mid-line; lay this off upon the horizontal plane from the line 
AB to the point N, which will end the load-water line upon the hori- 
zontal plane, from whence it may be drawn to g; ſo g N will be the flat 
of the Tuck; and to find the point g draw a line parallel to N thro' 
the point where the line T V cuts the rabbit of the polt, which will 
give the point g. We may after the ſame manner find the ends of the 
other water lines that do not go the ſtern poſt for a ſquare tuck, 


To form the Ribbands upon the Horizontal Plane. 


We obſerved before, that the ribbands were thin planks nailed to all 
the frames from the poſt to the ſtem; and that when they are carried 
round, ſo as to make fair curves, the form of all the filling timbers may 


be by them determined. Theſe filling timbers are to be placed n 
8 the 
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the frames, which were methodically laid down in the draught. We ſhall 
here further obſerye, that theſe ribbands will round two ways, one in a 
vertical, and one in an horizontal ſenſe, occaſioned by the nature of the form 
of the ſhip's body; for they will, in carrying them about, naturally fly 
higher abaft and before than they are in midſhips, which gives them a 
vertical curve, and the narrowing of the ſhip's breadth from the mid{hips 
both ways gives them the horizontal curye ; thence they will be repre- 
ſented by different lines on all the planes. 

They are repreſented upon the plane of the projection by ſtreight lines, 
all but the breadth ribband, which is uſually repreſented by a curve; 
but upon the plane of eleyation, and that of the horizon they will be repre- 
ſented by curves. The reaſon of theſe different appearances, ariſes from 
the different ſituations in which they are ſuppoſed to be viewed, as was 
obſerved in reſpect of the water lines. 

Now in order to comprehend the relation betwjxt theſe horizontal 
curves, and the lines that repreſent them upon the plane of the projection, 
it will be ſufficient to remark, that theſe horizontal curyes reſult from the 
different lengths of the perpendiculars that are ſuppoſed to be drawn in 
the plane of the projection, — the points where the lines that repreſent 
the ribbands interſect the frames, to the middle line. Hence, if the 
lengths of theſe perpendiculars are transferred to the lines correſponding to 
each frame in the horizontal plane, we ſhall have the points thro' which 
the curve that forms the ribband muſt pals. 

But if theſe ribbands are to be repreſented upon a plane placed in an 
oblique poſition to the horizon, that is to ſay, a plane that has the ſame 
inclination to another plane erected perpendicularly upon the middle line 
of the keel, that the line that repreſents that ribband, has to the middle 
line in the plane of the projection; in that caſe, they will have a quite 
different form from what they have upon the plane of the horizon. 

Now, to conceive the relation betwixt theſe and the lines that repreſent 
them upon the plane of the projection, it will be ſufficient to remar k, that 
if the ſeveral diſtances taken upon each diagonal intercepted betwixt the 


middle line and the points where theſe diagonals interſe& the curves of 


the timbers in the plane of the projection; I ſay, if theſe be transſerred 
to the lines that repreſent thoſe timbers, we ſhall have the points thro 
which the curves that form the ribbands muſt paſs. 


Again, if theſe ribbands are to be repreſented upon the plane of eleva- 


tion, they will have a different form from any of the former; to find 


which we need only take the B diſtances from the points 


where the diagonals interſect the curves of the timbers in the plane 


of 
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of the projection to the line that repreſents the upper ſide of the keel, 
and transfer them to the plane of eleyation, ſetting them up from the up- 
per fide of the Keel upon the line correſponding to the timber, from 
which they were taken upon the plane of the projection. This will give 
us the points thro' which their curves muſt rials 

Having thus given a general deſcription of theſe curyes, we ſhall 
now proceed to deſcribe them upon the different planes, ; 


To deſcribe the Floor Ribband upon the Plane of Elevation. 


1ſt, Take the perpendicular diſtance betwixt the point 4, where the 


diagonal interſects frame 9, and the lower water line in the plane of the 
projection. 


2d. Set up this diſtance from the point 8, where the lower water line 


interſects frame 9 in the plane of elevation, and we ſhall have a point G, 
thro' which the curve muſt pats. 


Now, it is plain, that we may, by repeating the ſame operations, have 


a point in each frame, thro' which the curve of the ribband muſt paſs 


upon the plane of eleyation. After the ſame manner are all the - other 


ribbands formed. 


To deſcribe Ribbands upon the Horizontal Plaue. 


The breadth ribband is formed by transferring the lengths of. all the 
perpendiculars that are ſuppoſed to be drawn from the points where the 
curve that repreſents this ribband interſects the timbers, to the middle line 
in the plane of the projection: This curve, in the plane of the projection, 


is drawn from the breadth in midſhips to the extremity of the wing. 


tranſom. 

iſt, Lay off the length of the wing tranſom upon the perpendicular » L. 

2d. Take the length of the perpendicular drawn, from the point 
where the curve that repreſents the breadth interſeds frame 9, to the 
mid-line in the plane of the projection; lay off this from the line AB 
upon the perpendicular repreſenting frame 9 in the horizontal plane, to 
the point 8, which will be one of the points thro' which the curve of the 
ribband muſt paſs. We may proceed in the ſame manner to find points 
upon all the perpendiculars, both afore and abaſt, io ſhall the curve 


JL, 8, Q, 1, be the form of the breadth ribband. But to compleat this 


ribband, the round aft of the wing tranſom muſt be ſet off. 
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To form the Oblique or Cant Ribbands. 


We obſerved before, that theſe ribbands could not be formed either 
upon the horizontal plane or that of elevation, upon which account they 
were ſeldom drawn, - becauſe each muſt be drawn upon a ſeparate plane. 
However, thoſe who incline to draw them may uſe the following method: 

Let it then be required to form the firſt ribband repreſented in the 
plane of the projection, by the diagonal H W. 

iſt. Produce line H G to the point p in the middle line upon the 
plane of the projection. / | 

29, Take the height of the point p above the line that repreſents the 
upper ſide of the keel in midſhips, in the plane of the projection; ſet up 
this from the ſame line in the plane of eleyation, on a perpendicular, upon 
the poſt, from which point let fall a perpendicular to the point F in the 
line CD, and produce all the perpendiculars that repreſent the frames to 
thej line CD; ſo F, Q will be the axis of the ribband from the poſt to 
the midſhips. | | 
3d. Take upon the plane of the projection in the line H P, the diſtance 

5 G, which ſet off upon the perpendicular from the point F to f, 

4th. Take the diſtance on the diagonal from the point p in the middle 
line to its interſection with the frame 9. Set off this from the line CD 
upon the perpendicular correſponding to frame 9; this will give us a 
point thro' which the curve muſt paſs. Do the fame for all the other 
frames to the midſhip. | 888 ; 

In like manner the carve for the fore part of the ribband is formed 
from the interſections of the diagonal 4, 5, with the curves of the frames 
in the plane of the projection; but it is evident, this is a different plane 
from that of the line Hp; therefore we muſt have a different axis for 
the curve of the ſore part of the ribband. In order to which, take from 
the plane of the projection the diagonal 4, 5; ſet off this from the point 
O to Z, and draw the line Z X parallel to CD. We muſt likewiſe 
take the height of the point 4 in the plane of the projection, and ſet it up 
on the ſtem ; from which point letting fall a perpendicular to the line ZX, 
we ſhall limit the fore end of the ribband. The points thro' which the 
curve muſt paſs will be found in the ſame manner as thoſe for the 
aſter- body. | Ti 

The builders make uſe of the cant ribbands to find the bevellings of 
the timbers; For we muſt repreſent each frame as one intire piece of cit- 
cular timber, and being all faſtened to the keel they form the fide of the 
ſhip. They are ſquare upon the upper {ide of the keel; but 83 
| Or 


* 
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both the outſide and inſide of the ſhip's ſides, length-ways, form curves, 


it is plain, that the ſections of any of the frames, the midſhip only except- 
ed, will produce a ſurface in the form of a lozenge or rhombut; the an- 
gles which are formed by theſe ſections are what are called the beyellings 
of the timbers. * 

The ſhip-wrights take theſe angles mechanically by an inſtrument call'd 
a beyel; thus they draw, upon the plane of the ribband, a line parallel 
to that which repreſents the frame, and diſtant from it the whole breadth 
of the timber; and applying the ſtock of the beyel to the line that re- 
preſents the frame, and the tongue to the ribband, they have the quantity 
of the angle which forms the bevelling of the timber at that place. 

It is plain the angle , a, c, which points to the midſhip frame, will be 
obtuſe, whereas the angle /, a, d, which points to the poſt, will be acute. 

Now, as every timber has two planes, that which points to the mid- 
ſhips will have what they call a ſtanding bevelling, and that which points 
Either to the poſt or ſtem will be under bevelling. 

We ſhall ſhew in another place how the modern builders, by putting 
the frames in an oblique poſition to the Keel afore and abaſt, leſſen 
the bevellings. 


G H A FP. VI. 


Another Method of laying down the Horizontal Plane, and 
the Plane of Projefion. 


HOSE who are well verſed in the art of drawing have taken a 
method quite different from any of tlioſe we have deſcribed, which 
ſhall be the ſubject of this chapter. | 
After forming the plane of elevation, and drawing all the perpendicu- 
lars for the frames, as before, the following method muſt be obſerved: 


I. paths 
To lay down the Breadih Ribband on the Horizontal Plane. 


The extremities of it on the ſtem and poſt, and the point thro' which 
it is to paſs on the midſhip frame are found as directed in the preceeding 
chapter. It remains now to find the points in the balance frames, thro 
which it is to pals. | 


To find the point in the ſore balance frame take 443 parts of half the 
| TM main 
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main breadth, which ſet oft on the line that repreſents that frame in the 
horizontal plane from K to L. 

To find the point in the balance frame abaft, take 355 parts of the half 
of the main breadth from M to N. It will be necellary . to have another 
point in the fore- body, thro' which the curve muſt paſs; for which pur- 
poſe uſe the following method: 

Divide the ſpace contained bet wixt the line that repreſents the balance 
frame afore and the rabbit of the ſtem, into two equal parts, and draw the 
line OP, on which ſet off the 160th part of the main breadth, which 
will give the point P, thro' which the curve is to paſs. It muſt be ob- 
ſeryed, that the proportions for finding theſe points may be varicd accord- 
ing to the form we propoſe to give to the ribband. After the points 


H, N, Q, L, P, I are thus ſet off, we may deſcribe the curve either by 
moulds or penning battens. 


II. 
To lay down the Floor Ribband on the Horizontal Plane. 


1ſt. The height of this ribband muſt be determined both upon the 
poſt and ſtem, trom which points letting fall perpendiculars, we ſhall have 
the extremities of it on the horizontal PRs, obſerving to allow for 
the rabbit. 
zd. Take half the length of the midſhip floor timber, and ſet off on 
the line that repreſents the m dſhip frame on the horizontal plane from 4 
to 8, which will be the point thro which the curve muſt pals. 
3d. Take 233 of the line 4 5, the breadth at the midſhip frame, and ſet 
it 25 on the balance timber afore, from K to T, and ſet off 228 of the 


ſame line, upon the balance timber abaft to V, and draw the curve thro' 
the N G, V, 8, T, R. 


III. 

To lay dotun the after Balance Timber upon the Plane of Projection. 

iſt. Produce the line which repreſents it on the horizontal plane to 

the ſheer rail, on the plane of elevation, and take the diſtance upon this 
line betwixt the upper ſide of the keel, and the lower edge of the ſecond 


wale, which here repreſents the breadth ribband; ſet up this from A to C 


on the plane of the projection, from which ,oint draw hy line C D, 
p erpendicular to the middle line. (Plate II. 7 MY.» 

2d. Take the line MN in FA horizontal þ te and ſet off from D 
to E, which will give one point, through which the curve of the timber 
muſt pals. 


3d. Take 
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za, Take the height of the floor ribband, in the plane of elevation, 
and ſet it up on the plane of the projection to G; from the point H, at 
the end of the floor timber, draw the line H G which will repreſent the 
floor ribband on the plane of the projection, (Plate II. fig. f. 2. 3.) 
4th, Take the diſtance M V, in the horizontal plane, with a pair of 
compaſſes, and move the compaſſes with one foot, in the middle line, 
and the other in a line perpendicular to it, till it interſe& the diagonal in 
the point L, thro' which the curve of the frame muſt paſs. To thoſe 
who are acquainted with drawing, the three points E, L, F, will be ſuf⸗ 
ficient to form the timber ; they who incline to have another point may 
divide the line A C into two equal parts by a perpendicular M K drawn to 
the middle line, from which ſetting off 25 of the line MK we ſhall 
have another point thro which the curve muſt paſs. 

IV. 
To lay down the ninth Frame abaft on the Plane of the Projection. 

Take the height of the breadth ribband at this frame, in the plane of 
elevation, and ſet it up on the plane of the projection from F to O, and 
draw the line OP perpendicular to the middle line. (Plate II. fg. 1.2.3.) 
2d, Take the diſtance X 8 in the horizontal plane, and ſet off from O 
to P, which will be the point thro' which the curve muſt paſs. 

za, Take the diſtance X Z in the horizontal plane, which ſet off from 
the middle line, to interſe& the diagonal that repreſents the floor ribband, 
in the plane of projection in Q, obſerving to keep the compaſſes as before 
direted. | 

4th, Divide the line K O in two equal parts, and draw the line RS 
perpendicular to the middle line, on which ſet off 134 of the line P O, 
from R to 8, and draw the curve thro' the points P, 8, Q, F, which 
will be the form of the ninth frame. 

| v. 


To lay down the intermediate Ribbands abaft on the Plane of the Projection. 
it, Take the diſtance betwixt the upper fide of the keel and the 


breadth, upon the line that repreſents the midſhip frame, in the plane of 


elevation, and ſet it up from A to T, and from B to T, in the plane of 
the projection, ſo ſhall the line T T give the height of the breadth ribband 
in midſhips. 

2d, Divide the curve H M T into as many equal parts as there are to 
be intermediate ribbands ; divide alſo the curve of the ninth frame QS P 
into the ſame number, and, thro* theſe diviſions, draw the diagonals 


which will repreſent the ribbands 2 in the — | 2 


* — 2 
— — — 
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4 VI. 
To lay down the firſt intermediate Ribband upon the Horizontal Plane. 


iſt, Take the neareſt diſtance of the point V .(which is the extremity 
of the diagonal in the plane of the projection) to the middle line OF, 
ſet off this on the line which repreſents the midſhip frame in the hori- 
zontal plane, which will give the point thro' which the curve muſt paſs 
at that place. After the ſame manner we may find the points in the lines 
that repreſent the balance and ninth frames in the horizontal plane. | 
' 2d, Take F Z, the height of the ribband upon the rabbit of the poſt, 
in the plane of the projection, and ſet. it up on a perpendicular, from N 
to the point # on the line that repreſents the rabbit of the poſt in the 
plane of elevation; take the neareſt diſtance of the point & to the perpen- 
dicular of the poſt, which ſet off from E to e, and this will be the end 
of the ribband : ſo a curve paſſing thro' the points e, d, c, &, will be the 
form of the ribband. 
VII 


To lay down the Wing Tranſom upon the Plane of the Projection, and on the 


Horizontal Plane. 


1ſt, Take the height of the upper ſide of the wing tranſom (including 
the round up) in the plane of elevation, and ſet it up in the plane of the 
projection to the point e. | | 

2d, Take the height in the plane of elevation, without regarding the 
round up, and ſet off from F to f, and draw the line f g perpendicular 
to the middle line, on which ſet off the length of the tranſom from f 
to g, this is equal to the line G H in the horizontal plane. The curve 
ge repreſents the upper fide of the wing tranſom. | 

The round aft of the tranſom is repreſented upon the horizontal plane 
by the curve Le; HL is the ſquare end of it. 


VIII. | 1280 
To lay down all the Frames in the after Body. 


All theſe are laid down in the fame manner as the ninth and balance 
frames before deſcribed, that is, by taking the half breadth of the rib- 
bands at each frame in the horizontal plane, and ſetting them off from 
the middle line in the plane of the projection to interſect the diagonal cor- 
reſponding to the ribband, as directed in forming the balance frame, by 
this means we ſhall divide each into as many points as there are frames: 
the curves drawn thro” theſe points will give the form of all the frames 
in the after body. 

IX. To 
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IX. 
To lay down the Pofition of | the Faſhion Piece on the Horizontal Plane. 


Let fall the perpendicular G H, from the end of the wing tranſom, 
and draw the line H, which will repreſent the plane of the faſhion piece 
upon the horizontal plane, obſerving to make the angle G H /, about 25 
degrees. 

X. 
To form the Faſhion Piece in the ſame Manner it is to be, when put into its 
| proper place in the Ship. 


The faſhion piece laid down in the plane of the projection, regards 
that frame as it would appear when viewed from abaft; but as tho faſhion 
pieces on each ſide are not in one plane, as all the reſt of the frames are, 
we ſhall be much deceived, if we imagine that the faſhion piece laid 
down in the plain of projection, will give the true form of that which 
is to be put in the ſhip. We muſt therefore lay it down upon another 
plane, and, to avoid confuſion, we ſhall ſeparate it from the plane of pro- 
jection. 
J Note, The faſhion piece, mention'd by our author, deſcribed in the plane 
of the projection, is that betwixt the ninth frame, aud the curve fq oG, 
which repreſents the faſhion piece of a ſquare tuch; it is formed in the ſame 
manner as the reſt of the frames, by transferring the lines n m, po, &c. in 
the horizontal plane, to the plane of prejecton, to inter ſect the diagonals co- 
reſponding to theſe ribbands in the points i, l, &c: 
| 1ſt, Draw the line f G, to repreſent the middle line of the plane of 
projection. (Fig. 4.) | 

2d, Draw the line fg perpendicular to Gf, to repreſent the wing 


tranſom. | | 
3d, From , the point where the faſhion piece interſects the floor rib- 


band in the plane of the projection, take the neareſt diſtance to the line 
Fg. which repreſents the wing tranſom, and ſet off this diſtance in Jg. 4, 
from F to h, and draw the line þ / parallel to /g. 5 
4th, From the point /, where the faſhion piece interſects the firſt in- 
termediate diagonal, in the plane of projection take the neareſt diſtance to 
the line fg, ſet it off from} to &, in Hg. 4. and draw the line 4%, paral- 


lel to /g. | alice od 
th, In like manner, the points where the faſhion piece interſects the 


ſecond and third diagonals in the plane of projection, are to be transferr'd 
to the points 9 and u, Fig. 4. and the lincs 2, drawn parallel 
to Fg. G 2 6th, 
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6th, To find the points through which the curve muſt paſs: Take 
the line / H, which repreſents the poſition of the faſhion piece upon the 
horizontal plane; lay this off from Fto g: Again, take the diſtance /y in 
the horizontal plane, which lay off from 9 to p, in like manner ſet off 
the diftance /z, from n too; and the diftance / p from & to mn, and laſtly, 


the diſtance Ii, from 5 to /; ſo a curve drawn through the points g, P, o, 
, J, will give the true form of the faſhion piece. | 


XI. 
To lay down the Faſhion Piece upon the Plane of Elevation. 

1ſt, Take the ſeveral heights above the keel, of the points where the 
taſhion piece interſects the diagonals in the plane of projection, and trans- 
ferr them to the lines o, p, q 2, y, in the plane of elevation, drawn paral- 
lel to the keel, and the ſame height above it, that their coreſponding 
points are in the plane of projection. 

2d, Take the neareſt diſtance of the point u, in the plane of elevation, 
to the line CF, the perpendicular from the head of the poſt, ſet off this 
from the ſame line in the plane of elevation upon the line p; which will 
be the point through which the curve muſt paſt. 4 

zd, In like manner the points z, y, muſt be transferr'd from the 
horizontal plane, to the plane of elevation in the points z, x, a curve 
paſſing through theſe points will be the projection of the faſhion piece 
on the plane of elevation. 

We ſhall hear remark, that ſome builders to avoid giving a great be- 


velling to the timbers, and likewiſe that they may not require ſuch com- 


paſs timber, do change the direction of all the frames in the fore-body 
before that of the loof; that is, the lines that repreſent them in the hori- 
zontal plane make an acute angle with the line that repreſents the keel; 
theſe are called cant timbers, and may be formed in the ſame manner as 
the faſhion piece, which we have now deſcribed. Tho' ſeveral builders 
form all the frames perpendicular to the keel, to have the floor timbers in 
one piece, which will be much ſtronger than when in two pieces, and 
this will inevitably be the caſe when the timbers are canted. 

We might here ſhew how to lay down the top timbers, but as that part 


under water is the moſt material, we ſhall proceed to form the timbers 
afore. 


XII. 
To lay down the Frames for the Fore-body. 


The balance and the eighth frame muſt firſt be formed in the fame 
manner as the balance and ninth frame abaft : In order to which the curve 


that 
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that repreſents the-breadth ribband muſt be laid down in the plane of the 

rojection afore The diagonal, which repreſents the floor ribband muſt 
likewiſe be laid down in the plane of the projection, for which purpoſe 
we mult take the height of the ribband above the keel upon the rabbit of 
the ſtem, and ſet it upon the line that repreſents the rabbit of the poſt in 
the plane of the projection, to the point 4. ; from which draw a line to 
the floor head, ſo 4 5 will repreſent the floor ribband. 


XIII. | 
To ſpace the Diagonal that repreſent the Ribbands afore, in the Plane 
: e the Projection, © © 

iſt. As the points of their interſection at the midſhip frame are the 
ſame afore that they are abaft, we need only transfer them from abaft to 
the fore body. | 

2d. Take the height of the breadth ribband upon the ſtem in the 
plane of elevation, and ſet it up from F to 17 in the plane of projection. 

zd. Divide the diſtance betwixt 4 and 17 into four equal parts, which 
will give the points in the plane of projection, where the intermediate dia- 
gonals end on the ſtem. 

After the diagonals are drawn in the plane of the projection, the rib- 
bands may be laid down in the horizontal plane, and from thence all the 
other frames may be laid down in the plane of projection, in the very 
ſame manner that the horizontal ribbands and the frames for the aſter- 
body were laid down. 


CHAP. 


c H A Ba: VII. bal «. 
Cranes Remarks on Ship Bulli g. 


LL the rules we have hitherto laid down, collected from the prin- 

cipal dimenſions of ſhips built by the moſt eminent maſters, ſhould 
only be fo far regarded as they may aſſiſt the artiſt in forming the body 
in ſuch a manner as to. produce effects anſwerable to the ſervice for 
which the veſſel is deſigned. 

In order to qualify a builder for ſuch an undertaking, it is neceſſary he 
ſhould underſtand the nature of fluids, and of ſuch bodies as will float 
in the water; when he has made himſelf acquainted with theſe, I 
would recommend him to Mr Bouguer's treatiſe on ſhip- building. 


The N ncipal Qualities belonging to Ships. 


iſt. To be able to carry a good fail, not only becauſe in forming the 
body, the water lines are all ſuppoſed to be deſcribed when a ſhip is up- 
right in the water, but likewiſe for doubling a cape, or getting off a 
lee ſhore, which will be impoſſible to be done when a ſhip lies over in 
the water, this will likewiſe render her lower tier, if not all her guns 
uſeleſs. | 
2d. A ſhip ſhould ſteer well, and feel the leaſt motion of the helm. 

zd. A ſhip ſhould carry her lower tier of guns four feet and a half, 
or five feet out of the water, otherwiſe a great ſhip that cannot open her 
ports upon a wind, but in ſmooth water, may be taken by a ſmall one, 
that can make uſe of her guns, or ſhe muſt bare away before the wind, 
to have the uſe of her guns; on which account it will be proper to raiſe 
the ports higher before than in midſhips, becauſe the fore part of the 
ſhip is often prefſed into the water by carrying fail. 

4th. A ſhip ſhould be duly poiſed, ſo as not to dive or pitch hard, but 
go ſmooth and eaſy through the water, riſing to the ſea when it runs 

high, and the ſhip under her courſes, or lying to under a main{ail, other- 
wiſe ſhe will be in danger of carrying away her maſts, 

5th. A ſhip ſhould fail well before the wind, large, but chiefly cloſe 
hawled,keep a good wind, not fall off to the leeward. 

Now the great difficulty conſiſts in uniting ſo many different qualities 
in one ſhip, which ſeems indeed to be impoſſible; the whole art therefore 
conſiſts in forming the body in ſuch a manner, that none of theſe qualities 
ſhall be entirely deſtroyed, and in giving the preference to that which is moſt | 
required in the particular ſervice for Which the veſſel is built; in order to 

which 
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which it will be neceſſary to know, at leaſt nearly, what form will give a 
veſſel one of theſe qualities, conſidered abſtractly from the reſt, 


To mate a Ship carry a good Sail. 

A flat floor timber, and ſomewhat long, or the lower futtock pretty 

round, a ſtreight upper futtock, the top timber to throw the breadth out 

aloft; at any rate to carry her main breadth as high as the lower deck: 

now, if the rigging be well adapted to fuch a body, and the upper works 

lightened as much as poſſible ſo that they all concurr to lower the center 
of gravity, there will be no room to doubt of her carrying a good fail, 


To make a Ship Steer well, and quickly Anſwer the Helm, 


If the faſhion pieces be well formed, and the tuck carried pretty high ; 
the midſhip frame carried pretty forward ; a conſiderable difterence of the 
draught of water abaft more than afore, a great rake forward and none 
abaft, a ſnug quarer deck and forecaſtle, all theſe will make a ſhip ſteer 
well; but to make her feel the leaſt motion of her helm, it will be ne- 
eſſary to regard her maſts. There is one thing not to be forgot, that a 
ſhip which goes well will certainly ſteer well. 


| To make a Ship carry her Guns well out of the Water, 


It is plain that a long floor timber, and not of a great riſing, a very 
full midſhip frame, and low tuck with light upper works will make a 
{ſhip carry her guns high. | 


To make a Ship go ſmoothly through the Water without pitching hard. 


A long keel, a long floor not to riſe to high afore and abaft, the area or 
ſpace contained in the fore body, duly proportioned to that of the after 
body, according to the reſpective weights they are to carry; all theſe are 
neceſſary to make a ſhip go ſmoothly through the water. 


To make a Ship keep a good Wind. 


A goodlength by the keel, not too broad, but pretty deep in the hold, 
which will occaſion her to have a ſhort floor timber, and great riſing. 

As ſuch a ſhip will meet with great reſiſtance in the water going over 
the broad ſide, and little when going a head, ſhe will not fall much to the 
leeward, | 

Now ſome builders imagine that it is not poſſible to make a ſhip carry 


her guns well; carry a good fail; and to be a prime failer, becauſe 2 
| | vou 
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would require a very full bottom to gain the firſt two qualities, whereas a 
ſharp ſhip. will beſt. anſwer for the latter; but when it is conſidered that 
a full ſhip will carry a great deal more ſail than a ſharp one, a good 
artiſt may ſo form the body as to have all theſe three good qualities, and 
likewiſe ſteer well, for which purpoſe I would recommend ſomewha 
in length more than has been formerly practiſed, ; . 3 
After what has been ſaid upon this head, I believe it will not be thought 
impoſlible to unite all theſe different qualities in one ſhip, ſo that all of 
them may be diſcerned in ſome degree of eminence, but when it happens 
otherwiſe, the fault myſt be owing to the builder, who has not applyed 
himſelf to ſtudy the fundamental rules and principles of his art. 

Excepting ſome antient builders, who were happily born with a natural 
genius, and our moderns, who being inſtructed in the 4 of the 
mathematics, have truly laboured very hard to make a progreſs in the art 
of ſhipbuilding, one may, without violating the truth, affirm that the 
greateſt part ſatisfy themſelves with copying ſuch ſhips as they eſteem 
good failors, and it is theſe ſervile mechancick methods, which to the great 
reproach of the art, are. but too common, that have produced all theſe 
pretended rules of proportion, all theſe methods of deſcribing the mid- 
ſhip frame, and forming the reſt of the timbers, which every builder 
endeavours if poſſible to conceal and keep wholly in his own family. 

How low and mean is this? it is as if a great architect ſhould endeavour 
to conceal the proportions of the different orders of architeQure, where- 
as they are publiſhed -every where, and ſo well known that many can 
raiſe a very beautifull porch or triumphal arch; but tho' the methods of 
deſcribing the midſhip frame and forming the reſt of the timbers be 
known to moſt apprentices, yet we have but few good maſter builders : 
This requires more than thoſe mechanick rules, they ſhould at leaft have 
ſuch a knowledge of the mathematics, phyficks, mechanicks, of the 
nature of ſolids and fluids, as to be able to diſcover what figure would 
procure ſome good quality without hazardingorputting a bad one in its place. 

Let us ſuppoſe one to have a collection of draughts of a vaſt number 
of ſhips, and whoſe good and bad qualities have been remarked with all 
poſſible exactneſs, ſuch a valuable treafure-would be of great ſervice to a 
perſon who could calculate preciſely by the draughts where the fault lay, 
and how it might be rectified. For inſtance, ſuppoſe a ſhip fails well, 
but carries her guns too low, a builder who is not acquainted with theſe 
principles would raiſe her deck, in conſequence of which ſhe would not 
ſail well; whereas one that could exactly calculate how much the re- 
ſiſtanee of the fluid is diminiſhed upon the prow, would take great care 

ot 
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to add no more to any of the other parts that he could find by an exact 
calculation might be done without augmenting the reſiſtance in the 
fluids. 


M. Bouguer has publiſhed ſeveral uſeful problems for making theſe 
calculations, to Which we refer the reader, and only explain what regards 


the height of the gun deck, and the reſiſtance of the fluid, in one ex- 
ample of a 70 gun ſhip. | | 


C H A P. VIII. 


To know | by the Draught how high' a Ship will curry ber Guns out of 


the Water. 


HIS is only to know if, when a ſhip is loaded with all her ammuni- 
tions and proviſions on board, and ready to fail, her feat in the water 
will then agree exactly with the load water line in the draught: 

It may be demonſtrated by ſeveral experiments, that any floating body 
of whatſoever figure will juſt fink ſo far in the water as to diſplace a 
bulk of water of equal weight with itſelf, 

Hence it will be neceſſary, firſt to find a method of calculating the ex- 
act weight of a ſhip ready equipt for ſea, and, ſecondly, to know the exact 
weight-of the water the ſhip diſplaces, when loaded to the water line in 
the draught. ith Is 5 

In order to the firſt, the exact weight of all the timber, iron, lead, 
maſts, ſails, rigging, and in ſhort of all the materials, men, proviſions, 
and every thing elle on board the ſhip muſt be known. | 

It muſt be confeſſed that this is a very laborious taſk, yet the zeal of 
our modern buiiders has ſurmounted all theſe difficulties, and got the 
exact weight of a ſhip of each claſs with all its furniture, and fix months 
proviſions on board, It will be ſufficient for our purpoſe to give the par- 
ticulars, of the two followings, one of 3o and another of 50 guns, both 
ready equipt for ſea, with fix months proviſions on board. 


— 


— „— = TITTY 
men 
. 


(50): 
An Eflimate of the Weight of the RENOMEE Frigate 25 Thirty 


Guns, with Six Months Proviſions. 
Wx1GHT of the HuLL, 


Cubic | Under | Above Total 
feeet | water water in Tuns. 
As. 8 705 of p v* 1:40 Pounds. + Tons Pounds 
ak tim- o | 4060 | 
ber 0 above w. at 66 15. ** 2 192720 299 800 
; under water 
Fir at 5016. per foot ¶ above water 5 n 28000 29 900 
| | 
Carved work 2200 1 200 
Iron knees and ſtandards . 4200 7010 5 1210 
Bolts, rudder irons, chain plates, nails 11650 6558 9 208 
Lead for the hauſe holes & ſcuppers | 2 50 430 o 680 
Locks | | 170 8 1980 
Oakum | 1200 1830 1 1030 
Pitch and Tar — 6800 o 650 
Paint | 440| O 440 
In the Cook room — 8000 | 4 ovo 
Total 453380 | 248008 | 350 1388 
WEIGHT of the FURNITURE. 
Pounds. | Pounds. | Tons Pds 
Maſts compleat ſet and pare 3000 | 37000 | 20 o 
Blocks 1000 { 5444 | 2 444 
Pumps 1734 050 4... 1. 44. 
Cables and Hawſers 24444 144 444 
Sails and their Caſes 4222 | 3778 | 4 ooo 
Anchors and their Stocks 26111 6944 4 1555 
Cordage for the rigging 17282 | 8 1282 
The maſter's Stores 3333 1 1323 
Boats 6666 3 666 
40344 | 75784 | 58 128 
Wricr of the PrRovisions, &c. 
Under | Above Total 
water water in Tuns. 
Pounds. Pounds, | Tons Pounds 
Proviſions for 6 months for 200 men 
with all their equipage | 420 Ig MDs nay 
Water for two months and a half . T00000 50 ooo 
Caſks — 32800 16 800 
The Captain's table 13000 goο | IO OoO 
Total 393220 | 5000 | 199 220 


(51) | | | 


WE1cuT of the OrFicrtRs STORES. 


Under | Above | Total 

water water in 1 ons 

Pounds. | Pounds. | Tons Pads 
The Carpenter's Stores 3000 | 1000 2 OO 
The Caulker's Stores 10900 o 1000 
The Surgeon's Effects 2400 E .-400 
The Pilot's Effects 740 360 | 0 1100 
The Chaplain's Effects * 100+ [© 08 

4 600 


7140 | 1460 | 


WEIGHT of the Guns and AMMUNITION, 


Under | Above | Tota! 
water | water | in Tons 
Pounds. | P unds. Tons Pads 
Iron Guns 60300 | 30 goo 
Carriages fitted — 14000 | 7 00 
Balls round and croſs bar | I1570 2430 | 7 00 
Balls of one pound — 600 oO 600 
Powder and Powder Barrels. 7108 . 
Implements for the powder 1368 132: 0 1500 
Crows, Handſpikes, Gunners Uten- | | 
it" and Seen 3200 1300 2 700 | 
Muſquets, Cutlaſſes, and Pole Axes | go00 | © goo 
23840 | 79374 | 51 1220 


Wich of the Mr and their EQuieAce, 
Under | Above T otal 


| water water in Tons. 
3 . Pounds. | Pounds. Tons Pounds 
8 principal Officers and their Effects 4000 | 2 00 
200 Men and their Effects 40000 | 20 00 
Total 44000 | 22 0 
BALLAST 200000 | 100 OO 


D.C ona toS—_—s 


( $4 ) 
RECAPITULATION. 


Under | Above | Total 
water water in Tons, 

Pounds. Pounds. | Tons Pounds 
The Hull — 453380 | 248008 | 350 1388 
The Furniture — 40344 75784 58 128. 
The Provifions — 393220 5000 199 220 
Officers Stores — 7140 1460 4 600 
Guns and Ammunition 23846 | 79374 | 51 1220 
Weight of the Men 44000 | 22 oo 
Ballaſt — 200000 100 OO 

Total 1117930 | 453626 | 785 1556 


An Eftimate of the Weight of a Frigate of Fifty Guns, with Six Months 


Proviſions, 
Under | Above | Total 
i water - | water in Tons. 

Pounds. Pounds. Tons Pounds 
The Hull — 7747 709134 771 1404 
The Furniture — 98237 103 184 130 1421 
Ballaſt — 300000 150 O00 
Guns and Ammunition 67960 | 199320 133 1280 
Proviſions — 659400 8000 | gg3 1400 
Stores _— — | 9800 2800 6 600 
Men and their Equipage _ 77000 38 1000 


1909667 1219430 | 1564 1105 


But as all ſhips of the fame claſs are pretty near the ſame dimenſions, 
and have the ſame number of guns, &c. we may have the exact weight of 
each only by examining the draught of water, and computing the weight 
of that column of water which is diſplaced by the ſhip. 

Now if the Intrepide weighs 2718 tuns, ſhe. muſt fink fo far into the 
water till the has diſplaced a column of water containing 73459 +7 cubick 
feet, for a cubick foot of ſalt water being ſuppoſed to weigh 74 Ib. the 
73459 37 will weigh 5436000 lb. or 2718 tuns, or if ſhe diſplaces 


73459 3+ cubick feet of ſalt water, we may thence conclude that ſhe 


weighs 2718 tuns. 
In like manner, if the weight of the ſhip which is to be laid down in 
the 
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the draught be known; as, for inſtance, that of a ſhip of 78 guns, is 23 50 
tuns, we may with certainty know if the water line in the draught be pro- 
perly placed, only by reducing the bottom into cubick feet. 

The antient builders were unacquainted with the manner of perform- 

ing this, but our moderns make an exact calculation of the contents of 
the bottom before they begin to build, whereby they will be ſure to 
keep the lower tier of guns well out of the water. 
I a ſhip's body were any regular figure, the ſolid contents of it could 
eaſily be found geometrically, but as the cafe is quite otherwiſe, we mult 
be ſatisfyed with dividing it into ſeveral parts, of which we may have a 
great number, and they will thereby become fo ſmall, that they may, 
without any ſenſible error, be eſteemed as regular figures, limited by ſtreight 
lines, tho' ſome of them are actually curves. 

In the draught of the 70 gun ſhip which we have laid down, the bottom 
is divided on the plain of elevation into ſeveral parts, in a vertical way 
by the lines that repreſent the frames ; and in an horizontal way by the 
water lines, ſo that the whole may be ſaid to be divided into ſo many 
parallel pipedons, A, B, C, D, or a, 6, c, d, contained betwixt the two 
frames 6 and 7, and limited on the ſide AB by a plain ſuppoſed to be 
erected vertically upon the keel, and on the other ſide by the round of 
the outſide of the ſhip, at the height of the breadth water line, or a c. Now 
it is very plain that the area of the ſurface, which limits the lower part 
of this ſolid, is leſs than the area of the ſurface, which limits the upper 


part: But if we increaſe the water lines, and frames we may find the tolid 


contents to a ſufficient exactneſs for our purpoſe. 

Now, in order to find the area of the upper ſurface A BDC, let 
AC be 16 feet 11 inches, and B D 13 feet 6 inches; add theſe two, the 
ſum is 30 feet 5 inches, the half of which is 15 feet two inches and a half, 
and this ſum multiplyed by A B, which ſuppoſe 8 feet, the diſtance be- 
twit the frames, the product is 121 feet 8 inches, the area of the upper 
ſurface of the parallelopipedon. 

The area of the lower ſurface of the parallelopipedon may be found 
after the ſame manner, which ſuppoſe 97 feet 4 inches. Now, if theſe 
two areas be added together their ſum will be 219 feet, the half of which 
is 109 feet 6 inches for the mean area, and this multiplied by @ 5, the 
diſtance betwixt the water lines, which ſuppoſe 4 feet 4 inches, produces 
474 feet 6 inches cubick. | 

By the ſame proceſs we may find the ſolid contents of the other parallo- 


pipeds, and adding them together, and doubling that ſum we hall * 
| the 


« - 
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the ſolid content of the whole bottom of the ſhip in cubick feet to a 
ſufficient degree of exaCtnels. = 

I made uſe of this method before Mr Bouguer's treatiſe was publiſhed, 
where there is one which is more convenient and expeditious, for in- 
ſtead of finding the area of every ſingle ſurface contained betwixt the 
frames upon the ſection of a water line, he finds by one operation the 
area of the whole ſurface formed by the horizontal ſection or water line, 
except that part intercepted betwixt the aftermoſt frame and the poſt, 
and the part contained betwixt the the foremoſt frame and the ſtem, 
which upon account of the rake muſt be meaſured ſeparately, as alſo all 
that lies betwixt the upperſide of the keel and the firſt water line. His 
method is as follows: | | 

Take the lengths of all the lines that repreſent the frames on the hori- 
zontal plane, add all theſe together, excepting the foremoſt and aftermoſt, 
of which take only one half of each, ſo if it were required to fd the 
area of the ſurface formed by a horizontal ſection in the plane of the load 
water line, it will be =» ZZ+BD+AC+IH+LK, Sc. + = XS+AB, 
ſuppoſing AB to be the diſtance betwixt the frames equally ſpaced betwixt 
£7, and NO. 

To demonſtrate this, let it be conſidered by what operation the two 
trapezia ABDC and HIAC are meaſured. We obſerved in the preceeding 
article that this was performed by adding the length of the lines BD and 
AC together, and then taking half that ſum ; the length of the lines AC 
and HI, muſt likewiſe be added together, and the half of that ſum taken ; 
now it is evident that it will be ſame thing to take half the line BD, and 
half the line HI, and the whole line AC, and add all theſe three together, 
becauſe the line AC, is common to both the trapezia, 

After the areas of all the water lines are thus found, the ſolid content 
of the ſpace contained betwixt the water lines may be had by multiplying 
the arca by the diſtance between the water lines : But becauſe the areas 
of the two ſurfaces which limit this part are unequal, a mean area muſt 
be found; this is half the ſum of the two areas, ſo that all that is now to 
be done, is to add the areas of the water lines into one ſum, excepting that 
of the upermoſt and lowermoſt, of which only one half of each muſt be 
taken, and if this ſum 1s multiplied by the diſtance betwixt the water lines, 
the product will give half the ſolid content of the bottom, obſerving that 
the water lines in the plain of elevation be equally diſtant from one 
another, | | 


The application of this method in finding the cubick feet contained in 
a 70 gun ſhip laid down in the draught. 


The 
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The forepart is divided into eight; and the after into nine equal parts 
beſides that betwixt the aftermoſt timber and the x | 8 
the foremoſt timber and the ſtem, e 

The bottom is likewiſe divided into four equal parts by water lines drawn 
parallel to the load water line, all which are formed upon the horizontal 
plane, for it will be very uſeful to know the ſolid content of each par- 
ticular part contained betwixt the water lines, alſo to diſtinguiſh that of the 
fore body from the after body, whereby we may be enabled to know if 
the weight be duly poiſed, We ſhall conſider all this in the following 
calculation. 

Note, there muſt be four inches added to each line that repreſents the 
Frames in the horizontal plane for the thickneſs of the plank, that being 
. m_ betwixt the thickneſs of the plank next the wale, and that 
next the Reel, | 


The Area of the Upper Water Line abaft. 
The breadth of the ſurface at the load water line, upon the midſhip 


. frame @ Q is 21 feet 2 inches, | Fl ry 

; IT one half 18 —— — 10 7 

ſiſt Frame — ms — 11 

2d Frame — — — 20 11 

30 Frame ——— — —s 20 9 

| 4th Frame — ä — — 20 

Breadth at \ :th Frame 3 17 

| 6th Frame —— — — — — 18 11 

; | 2th Frame — — 5 4 

Z | 8th Frame — 18 7 
5 The gth Frame X S is 12 feet 9 inches, one half of which is 13 
: Total . 


which total doubled is 343 feet 11 inches, and multiplied by 8, 
the diſtance betwixt the frames, is the whole area of the water 2751 4 
line from the midſhip to the after frame, in cubick feet 

To this muſt be added 'the area of the trapezium XS Le 

Now half of the lines X S and L. e is 10 Feet o Inches 


Diſtance betwixt them is 22 9 
Product is 97 6 
which being doubled is 193 O 


The whole area in cubick feet 2946 4 


4 By uſing the ſame proceſs we may find the areas of all the other water 
lines, and adding all theſe areas together, excepting that of the firit and 
fifth, of which taking only one half, multiply this ſum by 4 feet 5 inches, 


which 
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which is the diſtance betwixt them, we ſhall have the area in cubiek feet 
of that part of the ſhip abaft the midſhip frame, contained betwixt the 


lower water line, and load water line. 


f | feet inch, I. p. 
Half the area of the load water line — 1473 2 0 0 
Whole area of the 4th water line — — 8839. 1 4:0 
Whole area of the 3d water line —— ". on. 05 & .0 
Whole area of the gd water line - - 1452 10 7 6 
Half the area of the iſt water line | _— 
| aſh 2 Total 7.638 5 5 6 
Multiplied by t he diſtance betwixt the water lines —— 4 55 0 0 
Product in cubick feet betwixt the lower, and load water line 337 5 6 1 3 6 
Betwixt the lower water line and keel. — 3332 6 23 0 6 
Keel and poſt — — 101 88 0 & a 
Cubick feet abaft the midſhip frame under water, When loaded 34171 8 4 3 6 
Cubick fr. before the mid ſhiꝑ frame under water, When loaded 28928 6 1 0 © 
Total cubick feet under water 6300 2 5 3 6 
Multiply by the weight of a cubick foot of ſalt water pounds 74 
pounds tuns. "4 


Wanne, — _ ſhip with all her furniture } 43% - 1498 

We have omitted the operation for the fore part; becauſe it is per- 
formed exactly by the ſame method with the after part. . 

It muſt be obſerved that in finding the cubick feet of that part contained 
betwixt the lower water line and upper fide of the keel, we muſt take 
the heights of all the frames intercepted betwixt theſe two lines, and di- 
vide their ſum by the number of frames abaft the midſhip, the quotient 
will be 1 foot g inches 9 lines. 


Feet In. Lines 


The area of the lower water line is — — 288 6 4 
The area of the upper ſide of the keel - = _- 1 

| Total 368 © 4 

one half is i8 O 2 
Area of that part contained betwixt the lower water line and kee! 333 6 3 


The uſe of the preceeding calculation is to know if the load water 
line upon the draught be properly placed. 

It has been found that a ſhip of 70 guns, with every thing on board, 
ſhould weigh nearly 23 50 tons, which is only 15 tons 1297 pound More 
than what is found by calculating from the load water line in the draught, 
this difference. M ould oceaſion the ſhip not to draw above one inch more 
water 
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water it is not worth the regardin But then by this calculation we 
diſcover that the ſhip is too lean before; for whereas the fore part ſhould 
exceed the after part by 30 tuns, we find, by this calculation, that the aſter 
part exceeds the fore part by 193 tuns 1995 pounds. 

Upon this account we muſt conſider carefully if the midſhip frame is 
properly placed; it is here 5 feet before the middle. If the midſhip 
frame was exactly in the middle it would augment the weight of the fore 
part 102 tuns ,397 pounds, and diminiſh. that of the after part exactly the 


lame quantity, by which means the fore part would be 1172 tuns 1014 


pounds, and the after part 1162 tuns. Now we may fill out the fore 
part, ſo as to gain 15 tuns 636 pounds, which was deficient, to make the 
calculation taken from the draught agree with the real weight propoſed 
for a ſhip of 70 guns fitted out for ſea, with ſix months proviſion on 
board ; and the fore-body will weigh 25 tuns 1255 pounds more than the 
after part, which may be judged ſufficient, 4h 


C 


A method to calculate the Refiftance of the Mater upon the 
fare Part of the Ship, 


ATLY Experience fufficiently proves that the fluids, by their 
motion, attack the ſolids that oppoſe them, as bridges, mills, Sc. 
with ſuch violence as to carry all before them ; and this is agreeable to 
the very nature of fluids. 

For all fluids are an aſſemblage of a prodigious number of fmall ſolid 
bodies of a globular form, each of which being eaſily put in nidtion will 
act upon any ſurface with the ſame force that any other ſolid body of the 


like maſs would do. But as theſe particles have but a very ſmall cohe- 


ſion with each other, fluids cannot act with the ſame force as ſolids which 
have their parts united, | 

A maſs of water of 20 cubical feet will not act with the ſame force 
upon the pier of a bridge which oppoſes it, as a maſs of ice of the ſame 
dimenſions; becauſe the whole mals of ice having its parts ſo united to- 
gether, that one cannot advance*without the other, it gives the blow with 
the united force of all the parts at once, whereas the parts that compoſe 
the maſs of water, being but ſlightly united, they cannot act jointly or in 
concert, and they exert their force one after another; they indeed ſucceed 


one another immediately, and are a little united by their reciprocal preſ- 


I lure; 


58 of the Reſiſtance of Fluids. Cnar. TX 
ſure ; but as every part has its own peculiar velocity, ſo it makes its ef- 
fort ſingly by itſelf, and, being eaſily put in motion, it will be as eaſily 
turned out of its direction, the parts being only retained together by the 


weight of thoſe that come next them. | 

Fluids have a continual effort, becauſe when a certain number have 
produced their effe& they are ſucceeded by others as long as the cur- 
rent laſts. 


Hence it will follow, that when a veſſel is left to a current of the ri- 


ver, it can receive no more velocity than the current has, and its yelocity 


will be accelerated till it is equal to that of the current. 

If, on the contrary, any floating body receives a motion in a contrary 
direction to that of the current, it will be continually retarded, till it 
has none, and then it will change its direction to follow that of the current. 

We ſhall here remark, that it is indifferent whether we aſcribe the 
motion to the ſolid or to the fluid; for the impreſſion of the water upon 
the ſhip's ſtem is the ſame when under fail, as when at an anchor, provi- 
ded the motion of the current be equal to that which the ſhip acquires 
by failing, 120 5 

The effort of fluids is as the ſquare of the velocity of the current. 

It is very plain that the more rapid the current is, the greater will 
the impreſſion of the fluid be; for the parts will then ſhock the ſolid with 
greater force than when it runs ſlowly; ſo that the force is augmented in 
proportion to the velocity. Again, the number of the parts of the fluid 
t hat ſtrike the ſolid in any ſpace of time, is in proportion to the velocit 
of the current ; for the faſter it runs the greater will be the number of the 
parts that ſtrike the ſolid in a ſpace of time; fo that not only the effort 
of the fluid, but likewiſe the number of parts that attack the ſolid, is 


augmented in proportion to the velocity of the current, and when theſe 


two are united, the effort of the fluid will be in a duplicate ratio of the 
velocity; ſo that if the velocity be doubled, the ſhock will be quadrupled. 
Hence, the faſter a ſhip goes through the water, the greater will be the 
reſiſtance ſhe meers with, and this will be augmented in a duplicate ratio 
of the yelocity with which ſhe fails. 
The impreſſion of a fluid increaſes as the ſurfaces which oppoſe its 
current. | 
It is very plain, that if one ſurface is double another it will receive 
double the number of the parts of the fluid, and of conſequence the im- 
preſſion will be double upon a ſurface, whoſe area is double the area of 


another ſurface. Hence thoſe ſhips whoſe midſhip frames have the 


greateſt capacity meet with moſt reſiſtance. 
The efforts of fluids will be leſs when the ſurfaces are in an oblique 
poſition to the current, than when in a perpendicular poſition. 
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Plate IV. Tig. 7 Let E A reprefent the courſe of the fluid ſetting per- 
ndicularly on any body AB; it is plain, that it receives the impreſſion 

of all the parts of the fluid contained between A and B; whereas, if the 
int B be moved to D, the parts of the water contained betwixt B and 

G will have no impreſſion upon A D. Hence the quantity of the fluid 
which attacks AB is to that which attacks AD as A B is to AG, 
that is, as the radius is to the ſine of the angle of incidence EA D. But 
if there were no other adyantage gained by this oblique poſition, than 
being expoſed to fewer parts of the fluid, it would be of very little 
ſervice to a ſhip which muſt have a ſufficient breadth, ſuppoſe AB; it is 
plain, the number of the parts of the fluid which give the impreſſion will 
be the fame, when the fore part of the ſhip is in the form of ADB, as 
when it is flat in the form of A B; but the fluid which exerts its force 
on the ſurface A D B does not produce the ſame impreſſion as when it 
exerts its force on AB, becauſe the direction of each particle of water, 
which ſtrikes any ſurface obliquely, may be refolyed into two directions, 
one perpendicular, and the other parallel to the plane. 

In order to give us an idea of compound motions, and of the reſolution 
of their forces, let us ſuppoſe two rulers A A and B B, (Plate IV. big. 5.) 
placed upon a plane at right angles to one another, and a {mall ball C pla- 
ced at the angle of their meeting, it is plain, if we ſlide the ruler BB in 


a parallel poſition to itſelf, it will carry the ball C along the edge of the 


ruler A A; but if both the rulers be made to ſlide together, fo that they 
ſill preſerve the ſame angle, in ſuch a manner that when the 1uler A A 
arrives at the line VII, VII, the ruler B B arrives only at the line 3, 3. 
It is plain, the ball will deſcribe the diagonal of the parallelogram C, 
VII, D, 3. the ſides of which will be proportional to the diſtance the ru- 
lers have moved, that is, D VII is to D 3 as 3 to 7; but if the rulers 
be ſuppoſed to be moved equally, ſo that when A A arrives at the line 
VII, VII, BB ſhall arrive at the line 7 7, the ball will deſcribe the 
diagonal CF of the ſquare C VII, F 7. | | 

Now, if we ſubſtitute any other two agents in the place of the rulers, 
{ach as two hammers, and both be ſuppoſed to ſtrike the ball with equal 
force at the ſame time, it is plain, the ball will go in the direction of the 
diagonal CF; but if the force with which one hammer ſtrikes the ball 
be to that by which the other hammer ſtrikes the ball, as 7 to 3, then 
the ball will move in the direction of the line CD. 


I 2 The 
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The principal Eſſects of Compound Motions. (Plate TV. Fig. 6.) 

If two powers C and B act with equal force on the body A, but in the 
contrary directions of the lines CA and BA, the body A will remain at 
reſt ; but if one of the powers acts with greater force than the other, the 
body will follow the direCtion of that which predominates, diminiſhed by 
the quantity of the ſmaller force. | 

2d, If two powers D and E act upon the body A in the fame direction, 
Viz. in the lines D A and E A, the body A will follow the direction of 
both, and paſs through the point F, with this only difference, that it will 
go with greater velocity when impelled by both powers than with one. 

zd. Let the two powers G and H ſtrike the ſolid A, in the direction 
of the lines G A and H A, it will thereby receive a compound motion, 
the force and direction of which may be expreſſed by the diagonal of a 
n as was before obſerved. | 

In order to conſtruct this parallelogram, which is called the reſolution 
of the forces, let the two powers G and H be -ſuppoſed equal and ex- 
preſſed. by the lines H A and G A; from the point G draw the line EG 
equal and parallel to H A, and the diagonal E A (the reſult of the two 
powers repreſented by the ſides of the parallelograni H A and GA) ſhall 
expreſs the velocity and direction of the compound motion; the effect of 
which will be, that the body A will be carried to the point F. But ſuppo- 
ſing the forces unequal, and let that of H, (Fig. 9) repreſented by the line 
H A, be double that of G, repreſented by the line R A ; then from the point 
R draw the line RS equal and parallel to H A, which ſhall expreſs the 
force and direction of the power H; and from the point H draw the line H 8 
parallel to RA, which will expteſs the force and direction of the power 
G; the diagonal S A expreſles the velocity and direction of the body A, 
which will paſs through the point T, whereas, if the powers were equal, 
it would paſs through the point F. 

It may be remarked, that two attractive powers placed at P and 
would produce the ſame effect as two impulſive powers at & and H, an 
that the parallelogram may be conſtructed on the lines A Q and AP. 


CONSEQUENCES. 
iſt. The acuter the angle of the direction of the power is, the nearer 


will they approach to one direction, and act with greater force; ſo the 


reſult of & and H is greater than that of K and I, ſuppoſing the powers 
to be equal. | 


2d, 
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2d. The greateſt effect of two powers is, when they both act in the 
ſame direction, and the leaſt when they act in contrary directions. 

zd. When two equal powers act in ſuch a direction that they ſorm an 
angle of 120 degrees, as AK and AI; in this and in no other caſe, the 
reſult will be equal to the ſingle force of AT or AK; it only changes the 
direction; for when the two powers act jointly, A will be carried to P, 
whereas if K only acted, it would be carried to T; or if I only ated, 
A would be carried to V. | 

4th. If the direction of two powers make an angle leſs than 120 de- 
grees, as & A and H A, they will aſſiſt one another; but if they form an 
angle greater than 120 degrees, as LA and AM, they will be recipro- 
cally diminiſhed. 


The Reſults of a Motion impreſſed upon a Body A, in Relation to a 
Surface a b, which oppoſes its Motion. (Plate IV. Fig. 6.) 

1ſt, When a body ſtrikes a ſurface obliquely it will be with leſs force 
than when it ſtrikes it perpendicularly ; for it may ſtrike it to obliquely as 
only to graze along it; between the perpendicular ſhock, which is the 
2 and the oblique, which approaches neareſt to a parallel to the 

rface, there may be an infinite number of directions, lets or more ob- 
lique, and the ſurface will be ſtruck with more or lets force. 

2d. If the two powers are united in D, they will act, in the direction 


DF, with great force upon 4b, becauſe they not only act jointly, but 


likewiſe in a perpendicular direction upon the ſurface 4 4. 

3d, If the two powers be equal in force, and act in the direction of the 
lines G A and H A, the body A will alſo fall perpendicularly on the 
ſurface 4 h, but with leſs force than in the firit caſe, becauſe of the cbli- 
quity of the directions. yore t 
4th, If the power H have double the force of the power G, then the 
direction will be changed into the line 8 A, (Fig. 9.) and the body will 
ſtrike the ſurface obliquely in the direction of the linge 8 T, but with 
leſs force than in the ſecond caſe, not only on account of the diminution 
of the force of the power G, but alſo on account of the obliquity of 
the ſhock, | 

5th. It will be indifferent whether the body A receives its impulſe 
from one ſingle power, or from two, ſo that it ſtrikes the ſarface 4 “ in 
the ſame direction. Hence we ſhall have no occaſion to conſider the 
powers which give the motion, but only the velocity and the direction in 
which they ſtrike the ſurface. . 

6th. It will produce the ſame effect, whether we change the line of 

OE duction 


62 Of the Reſitance of Fluids, Cav. IX. 


direction, in which the body A ſtrikes the ſurface a /, or change the po- 
ſition of the ſurface 4 b in reſpe@ of the line of direction. 

From what has been ſaid, it will follow, that if the common effect of 
two powers acting upon the fame body be known, and allo the direction 
and force of one of them, then the direction and force of the other may 
be found; for let the body C (Fig. 5.) be carried to the point D by the 
action of two powers, and one repreſented by the line C, VII; draw the 
line D 3 equal and parallel to C, VII, and compleat the parallelogram, to 
ſhall C 3 expreſs the force of the other power. 


The Application of what has been ſaid to the Shock of Fluids. 


We have hitherto conſidered the ſhock of a ſolid body in different di- 
rections upon the ſurface of another ſolid, but we will readily grant that 
fluids do not act in the ſhock in the fame manner that 1olids do. Tr is 
very probable, that when a fluid falls perpendicularly upon a ſurface, 
there is a mals of water that reſts immoveable before the ſurſace, which 
occupies the place of a ſolid body, and has nearly the fame effect as if 
the ſurface was round, ſo that the fluid does not attach the body that op- 
poſes it in a direction perpendicular to its courſe; beſides, the particles of 
water which attack a ſurface, whether obliquely or not, may re hound 
and change their direction, ſo that the laws of fluids are quite different 
trom the laws of ſolids in the ſhock. | 

The oblique direction of a particle of water may be reſolved into one 
that is perpendicular to the body which oppoles its courſe, and one that 
is parallel to it. ä | | 

In order to conſtruc this reſolution, (Plate IV. Tig. IT.) upon the 
line AC inclined to the current, form the parallelogram AH E F 
(AE repreſenting the velocity and direction of the current) making EF 
parallel to CA and E H perpendicular to CA. The diagonal E A, 
which repreſents a particle of water and its velocity, will be the reſult of 
a motion ſuppoſed to be produced by two powers, one Parallel to AC, 
whoſe force and direction is repreſented by E F, the fide of the 
parallelogram. | | | 

Hence it will follow, that when a ſurface is expoſed to the ſhock of a 
c 1rrent, in different oblique direct ions, the force of the direct ſhock is to that 
of the oblique, as the ſquare of the radius is to the ſquare of the fine of 
the oblique angle of incidence; for the effort of the particle EA, which 
ſtrikes the body AB, in a perpendicular direction, is to the effort of the 
ſame particle of E A, which ſtrikes the body AC in an oblique direction, 
as E A is to EH; but E A is to EH as AB, the fine of the right 


angle, 
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angle, is to A G, the ſine of the oblique angle of incidence, But it was 
before obſerved, that the ſum of the particles that ſtrike AB is to the 
ſum of the particles that ſtrike AC as the radius is to the fine of the 
angle of incidence. Hence, by multiplying the effort of one particle, by 
the number of particles that ſtrike A B; (that is, the effort of the whole 
water upon A B) and multiplying the effort of one particle, by the num- 
ber of particles that fall upon A C, (that is, the effort of the whole fluid 
upon C A) we ſhall have the following proportion : The effort of the 
whole fluid upon AB is to its effort upon AC as the ſquare of the ra- 
dius is to the ſquare of the angle of incidence. 

When the ſurfaces A B and AD, which oppoſe the current A F, are 
unequal (Plate IV. Tig. 10.) the quantities of water which ſtrike theſe 
ſurfaces are as the product of the ſurfaces by the fines of the angles of in- 
cidence; from whence we ſhall have the following proportion : The ef- 
fort of the fluid upon AD is to that upon AB as the ſquare of AG, 
the ſine of the angle of incidence multiplied by the ſurface AD, is to the 
ſquare of A B the radius, multiplied by the ſurface A B. 


CONSEQUENCES. 


1ſt, Tf two equal ſurfaces, expoſed to the ſame current, receive its ſhock 
in different obliquities, the impreſlions will be to one another as the ſquares 
of the fines of the angle of incidence. : | 

2d. A ſurface parallel to the current can receive no ſhock, becauſe there 
is no angle of incidence. 

3d, If two unequal ſurfaces are expoſed to the ſame current, the im- 
preſſions they receive by the ſhock in different obliquities, are to one 
another as the products of the ſquares of the fines of the angles of inci- 
dence, and of the ſurfaces that receive the ſhock. | 

Ath. If two equal ſurfaces receive the ſhock of two unequal currents, 
the impreſſions will be to one another as the products of the ſquares of 
the velocities, and of the ſquares of the angles of incidence. 

5th. If two unequal ſurfaces are expoſed to two unequal currents, 

which ſtrike them with different obliquities, the impreſſions will be to 
one another as the products of the ſquares of their velocities; of the 
ſquares of the fines; of the angles of incidence; and of the ſurfaces. 

All theſe conſequences may be deduced from the preceding principles; 
it only remains to apply them. 

Let AB (Plate IV. Fig. 4.) repreſent the extreme breadth of a 
veſſel, and let the fore part be formed according to the angles A CB, 
or AFB, or ALB. In order to find the efforts of the fluid, ſuppo- 


ling 
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ſng the velocity and direction to be the ſame, and parallel to the keel, 
in the three caſes; upon the middle of the line A B, erect the pers 
pendicular EL, which will paſs through the tops of all the triangles y 
then to find the fines of the angles of incidence, with the radius A B de- 

{cribe two arches AF and B F to interſect one another in the vertex of 
the equilateral triangle; the arches will interſect the ſides of the angle 


that is leſs than 6õo degrees; but not the ſides of that which is more thary 


6o degrees, produce one of the ſides from C to M (Plate IV. Fig. 4.) 
Laſtly, let fail the perpendiculars MD, FE, PK, upon the line A By 
from all the points where the arches interſect, either the ſides of the tri- 
angles, or the ſides that are produced. So ſhall AE, AD, and AK, re- 
preſent the ſines of the angles of incidence upon the different triangles 
AFB, ACB, and ALB. 

It will be caſicr to obſerve, that the effort of the fluid upon the intire 


fore parts A CB, AFB, or ALB, is to the effort upon the extreme 
breadth, as the effort upon AC, A F, or AL, is to the effort upon A E; 


but it was proved before, that the impreſſions received by two unequal 
ſurfaces, oppoſed to the direction of a current, are as the ſquares of the 
lines of the angles of incidence multiplied by the ſurfaces, ſo, in this caſe, 
the impreſſion on AC will be to that on AE, or (which is the ſame 


thing) the impreſſion on ACB will be to that on AB, as the ſquare of _ 


AD, the fine of the angle of incidence multiplied by ACB, is to the 
ſquare of the radius multiplied by AB. 1 

We have alſo the effort on AFB to the effort on AB; as AFB, 
multiplied by the ſquare of AE, the fine. of the angle of incidence, is to 
AB, multiplied. by the ſquare of A B the radius. This proportion would 
ſhew the effort of the fluid upon the prow AFB, in a perpendicular dis 
rection to the ſides A F and B F, which would be very uſeful, if it were 
required to determine the dimenſions of the timber, that is, to reſiſt that 
preſſure of water; but in the preſent caſe, where only the relative effort 
upon the prow is conſidered in the direction of the keel, we muſt fort 
another reſolution. Let then C D (Tig. 8) repreſent the effort upon F B, pers 
pendicular to that ſurface, if ſrom the point F we let fall the perpendicu 
lar D H, and compleat the parallelogram GC D H, CG ſhall repreſen 
the relative effort upon the prow in the dire tion of the keel, ſo the 
whole effort upon FB, may be repreſented by F B multiplied by th 


ſquare of the angle of incidence, which is to the relative effort as FB is 
to EB: The relative effort then is equal to the ſquare of the fine of 
the angle of incidence multiplied by E B, or by the tum of the Lene 
which fall upon FB; to to find the relative effort on FB, we mull 
multiply 
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multiply the ſquare of the angle of incidence by the proje ction of the 
plane F B upon the beam EB. 12 4 

Tho' this method cannot be truly applied but to rectilineal triangles, 
yet, by dividing curves into a number of {mall parts, each may be con- 
ſidered, without any ſenſible error, as a ſtrait line. M. Bouguer makes 
uſe of this method of approximation to a ſufficient degree of exactneſs. 
What we have already ſaid upon that head, it is to be hoped, will faci- 
litate this deſcription to ſuch as have only a ſlight knowledge of the ma- 
thematics ; ſo that all/that remains now is to apply this to the draught 
of a ſhip of 70 guns, which has been already laid down, 


A Calculation of the Reſiſtance of q Fluid upon the Proto of the ſhip ef 50 
Guns, which we have laid down in a draught compared with the Effort 
of the ſame Fluid upon the Area of tke Midſhip Frame, 


As the operations are to be performed upon the plane of projection 
before laid down, all the frames in the fore part muſt be exactly formed 
as before in Plate II. in order to which it will be neceſſary to make 
uſe of a larger ſcale, as in Plate V. 

It will be very convenient to draw the water lines I, II, III, Sc. and 
the frames 1, 2,3, &c. to the midſhip frame at equal diſtances from one 
another. ; | 

It is plain, that the water lines and frames divide the prow into trape- 
Zia, ſuch as ra, $6, 7c, Sc. correſponding to the trapezium ab, and 
parallelogram ad in the plane of elevation Plate II. 

It will be neceſſary to obſerve, that there muſt be ſo many water lines 
and frames that the lines 8 @, 76, 0c, &c. which are curves, may be 
eſteemed ftrait lines, WM: 

We muſt-draw the diagonals 7 a, 8 6, 7c, &c. through the trapezia; 
but we may take two trapezia at once near to the midſhips, becauſe the 
ſhips ſides are there nearly parallel] to the current. 5 

It will likewiſe be proper to obſerve that theſe diagonals àre the pro- 
jections of the diagonals of the parallelograms repreſented upon the plane 
of elevation, at leaſt, on the ſurface of the ſhip ; as for inſtance, the dia- 
gonal 8 6, on the plane of the projection, is the projection of the diagonal 
87 drawn on the plane of elevation. 

Theſe diagonals divide the prow into the triangles 1, 2, 3, 4, Sc. which 
ſtrike the fluid with different degrees of obliquity. 

We have not the cntire areas of theſe triangles, by reaſon of the curving 
of the prow, but only their projection on the midſhip frame; but this is 
all we want, for the ſum of all the particles of water that ſtrike the tri- 
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angles are proportioned to the triangle projected on the midſhip frame, 
fince the water that ranges along each triangle may be conſidered as a 
triangular priſm, the baſe of which is equal to the triangle 48, Fig. 1, 
Plate V. and this was the thing in queſtion. Mr. Bouguer propoſes to cal - 
culate the effort of the fluid on each triangle, their ſum will give the ſhock 
of the water upon the whole prow, and compare this to the ſhock of the 
fluid upon a ſurface parallel to the area of the midſhip frame. 

To attain this Mr. Bouguer lets fall perpendiculars to every frame, 
from the angles formed at the interſection of the water lines and the dia- 
gonals that were drawn to form the triangle; for inſtance; upon the frame 
8, the perpendiculars /b and rp; upon the frame 78, the perpendicular 
8m on one fide, and the perpendicular 2c on the other fide; &c. 

This method requires that there be as many right angled triangles 
formed as there are triangles on the prow, and as there muſt be a great 
number of them, it will be neceſſary to find ſome method of forming 
them. The following ſeems to me to be the moſt expeditious. 

Draw two parallel lines BD and CR; let the diſtance betwixt them 
be equal to that betwixt the frames on the plane of elevation, and by this 
one operation we have the height of all the triangles that are contained 
betwixt the parallels. | 

As the baſe of all the rectangles ſhould be equal to the perpendicular 
of the correſponding triangle of the prow, we may ſet off the length of 
each perpendicular upon the parallel C R; ſo ſhall CH Fg. 2, be equal 
to r p, Fig. 1; HL, Fig. 2, equal to a, Fig. 1; LE equal to 8 M, Sc. 
to compleat the triangles, draw the perpendiculars HN, LM, and the 
hypothenuſes D H, NL, &c. 

If one of theſe rectangles be conſidered ſingly, DH may repreſent the 
radius, and C H will be the fine of the angle of incidence. 

All theſe triangles being deſcribed, we may begin to find their areas on 
the plane of the projection, becauſe it is upon this that the relative impulſe 
in the direCtion of the keel depends, which is the thing now required, as 
was before obſerved. | 

The ſurface of a triangle is found by multiplying half the baſe by the 
perpendicular, ſo the ſurface of the triangle 7, a, 8, will be the product of 
the perpendicular 7p, (equal to CH) multiplied by half the baſe a 8, and 
this will be the ſum of all the particles which ſtrike the triangle , a, 8, 
which is an element of the prow of the ſhip. 

In order to find the relative force of the fluid in the direction of the 
keel en that part of the bottom correſponding to the triangle , a, 8, it is 


only 
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only multiplying the ſurface of the triangle by the ſquare of the ſine of 
the incidence; in place of multiplying it by the ſquare of the radius, 
which would give the impulſe the triangle would receive from the water 
in a perpendicular directiai; now if we divide this impulſe by the oblique 
one, the quotient will give the quantity that the impulſe is diminiſhed b 
the obliquity of the prow ; but there will be no occaſion for this laſt ſtep, 
for as the ſum of all the products of the triangles multiplied by the fqoato 
of the radius, gives the effort of the fluid upon the midſhip frame; the 
direct effort may he found by multiplying the area of the midſhip frame 
by the ſquare of the radius, and if this be divided by the ſum of the pro- 
ducts of all the triangles multiplied by the ſquares of the ſines of the an- 
gles of incidence on each triangle, we ſhall know the diminution of the 
reſiſtance which the prow meets with in proportion to that of the mid- 
ſhip frame. | 

It would be almoſt impracticabl to multiply the ſurface of each trian- 
gle by the ſquare of the fine of the angle of incidence, upon which account 
Mr Bouguer ſubſtituted proportional lines in place of the ſquares of the 
fines, which we ſhall now explain. 

It was before obſerved, that if D H be the radius, C H will be the 
fine of the angle of incidence. 

If we let fall the perpendicular CO upon the line DH, we ſhall have 
the triangle DCH ſimilar to DOC; ſo taking the equal lines CD, 
and N H for the radius, CO will be the ſine of the angle of incidence. 

If we draw OP perpendicular to DC, the triangles DOC and COP 
will be ſimilar, therefore the triangles DCH and COP vill be ſimilar, 
and DH is to CH as OC to CP; but DH is to CH as DC to 
CO, and by multiplying theſe two pre oportions, | the ſquare of D H will 
be to the ſquare CH as DC is to PC; that is, if DC repreſent the 
ſquare of the radius, P C will be the ſquare of the fine of the angle of in- 
cidence C D H. 80 the lines CP, HQ, Sn &c, give the ſquares of 
the ſines of the angles of incidence in the triangles 1, 2, 3, &c, which are 
to be multiplied by the ſurfaces of the wr ; and the parallels D C, 
NH, Sc. always repreſent the radius. 
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| We mult in the next place find the direct effort of the water upon the 
area of the midſhip frame, by multiplying the area by the ſquare of the 
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Half the 6th water line » VI | ro 


> © 
The whole 5th water line V 20 0 0 
The 4th water line 4234 19 5 o 
| The zd water line 18 1 © 
* The 2d water line ; 13 11 6 
The 1ſt water line 3.46; Q. 
The breadth of the keel 6:00 
- = 008 99 -Y. © 

Multiplied by the diſtance betwixt the water 
lines, which 1s * 
Product is, the area of the midſhip frame 303 4 1 
Multiplied by the diſtance betwixt the frames 1 


Product 2120 8 8 


This being divided by 249: 10: 11, the ſum of the efforts of the fluid 
upon the triangles of the prow ; the quotient is 9 4s, which ſhews that 
the effort of the fluid upon the prow is to that upon the midſhip frame 
as I is to 9 , Which is a ſufficient diminution of the reſiſtance for a 
ſhip of this force. Hence we may conclude that the water lines in the 
fore-body are well formed, but a frigate will require more diminution, 
as will appear by the following examples. | 

The Brillant, as 3+ to 1, a very bad ſailer. 

The Tigre, as 5 to 1, a company keeper. 

A ſhip of 50 guns, deſigned by M. Boyer, but not built, as 8 to 1. 

The Monarque, of 74 guns, built by M. Olivier in 1745, asg z to f. 

The Palme, of 12 guns, 4 lb. ſhot, built by M. Ollivier in 1744, as 

13 * to 1. | 

The Aid of 64 guns, by Mr Ollivier, at Breſt 1741, as 6 to r. 

The Renomme, built at Breſt by Mr Deſalieurs 1744, as 10 to 1.—this 

ſhip, by the account of the captians, was a very fine ſailer. 

The Badine, 6 guns of z lb. ſhot, as 7 + to 1. 

The Pantbere, of 20 guns, 61b. ſhot, as 10 f to r. 

The Amazon, of 44 guns, built by M. Blaiſe Pengalot, as 8 J to 1. 

The Superbe, built by M. Helie, as 5 to 1. | 

The Mutine, of 24 guns, built by M. Geffro, ſenior, as 103 to 1. 

We have compared the efforts of the fluid upon the prow of each 
ſhip, with that upon a plane, equal to the area of the midſhip frame, 

It will be proper alſo to examine if the reſiſtance in thoſe be leſs than 
in ſhips which are known to be good failers ; but it may happen _ a 

ſhip, 
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ſhip, whoſe midſhip frame has a ſmall area, may meet with little reſiſ- 
tance, tho' her prow be not diminiſhed in proportion to that of her mid- 
ſhip frame; ſo it will not be ſufficient to know this proportion only, to f 
be aſſured whether or not the ſhip will be a fine ſailer. We muſt alſo 
compare the areas of the midſhip frames, and not reſt ſatisfied with com- 
paring the efforts of the fluid; upon the prow of the ſhip we have laid 
down, with that upon the prow of a ſhip of the ſame rate, which has 


1 
2 


gained a good character. | 


The firſt Example of Compariſon. 


We know that the area of the midſhip frame of the 70 gun ſhip, we 
have laid down, is 606: 8: 2, and that the effort of the fluid upon the 
prow is to that on the midſhip frame as 11s to gs. Now if another 
ſhip of the ſame rate has the area of her midſhip frame 7 or 800 feet, 
ſuppoſing the ſails, and every thing that may contribute to failing, to be 
alike in both; it is plain this laſt cannot ſail ſo well as that we have laid 
down, and by this example, it is very plain, that if we would calculate 
which of two ſhips would ſail beſt, we muſt, after finding how much the 
refiſtance of the fluid upon the midſhip frame of each is diminiſhed by 
the form of their prows; alſo compare the areas of their midſhip frames, | 
that we may know which of the two has the greateſt maſs of water to 
diſplace; but if it was only required to know, which of two ſhips of the 
| fame rate would fail beſt, it would be ſufficient to compare the efforts of 
fluids upon their prows. | | 


The ſecond Example of Compariſon, 


We have found by the calculation, that the effort of the fluid upon the 
row of our ſhip of 70 guns, is 249: 10: 11:7 but if by a like calcu- 
lan we find the reſiſtance upon the prow of a ſhip of the ſame force, 
and carrying the ſame quantity of fail, to be 300 feet, we,may thenc 
conclude that ours will fail beſt, | 
It will be proper to examine, by the fame calculation, whether the ſhip 
we have laid down, can carry a good fail, drive but litttle to the leeward, 
and ſteer well ; but as this treatiſe has already exceeded the bounds I pro- 
poſed, I am forced to confine myſelt to the two preceding conditions, 
which are the moſt important. The methods to find the other qualities 
of the ſhips we lay down, may be found in Mr Bouguer's treatiſe, 
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An ExPLICAT1ON of the Stoxs or CHARACTERS made uſe of in this 
TxEATISE., 


S1G6Ns, NAMES. S$1GNIFICATIONS, | 
The ſign of addition, as 3 + 5, is 3 more 5, 

+ Plus, or more 2 is, the character placed between any two 

a 


or more figures, ſignifies that they are to be added 
into one ſum. 


The ſign of ſubtraction, as 5 — 3, is 5 leſs 3, 
— Minus, or lese f 2d fgnifies that 3 1s to be taken LA my MN 
The ſign of multiplication, as , ſignifies 
x Multiplied by | 5 multipiic d by z. pl * 
5 The ſign of diviſion, as 8 — 4, fignifies 8 di- 
— Divided by | uded by 4 * * 
The ſign of equality, that is when this is placed 
betwixt numbers or quantities, it ſignifies that they 
E qual to are equal, as 5 + 3 28, or 10 - 2 2 5 ＋3, 
that is, 5 more 3, is equal to 8, and 10 leſs 2, is 
equal to 5 more 3. 8 
The ſign ſimularity of ratio. It is always placed 
OO betwixt the two middle terms or numbers in pro- 
portion, thus 3: 9: : 8: 24, that is, as 3 is to g, 
ſo is 8 to 24. 
R. Radius. 
8. Sine. 
T. Tangent, 
Sec. Secant. : 
8. c. Sine complement, 
T. c. tangent complement. 
Sec. c. Secant complement, 


H. Hypothenuſe. 
B. Baſe. 


P. Perpendicular. 
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